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PREFACE TO THE FIFTH EDITION 


' In preparing a new edition of a scientific text-book an author must 
have before him the ideal expressed in the Scottish Psalter: '‘that to 
perfection’s sacred height I nearer still may rise.” No one realizes 
more fully than the author how far short of this ideal his best effort 
must inevitably be. So it is with the present effort. Mueh new 
material has been added, and some of the more glaring errors have been 
oorreeted. There are a number of new illustrations and one new 
color plate. 

New sections have been added on the following subjects: stasis, 
lipotropic factors in relation to liver disease, the relation of vitamin 
C to wound repair, botryomycosis, Dubos’ method of cultivating the 
tubercle bacillus, Tsutsugamushi fever, dermatofibroma, the car- 
cinogenic action of acetyl acetaminofluorine, sclerosing hemangioma, 
liver lesions in pellagra, hypertensive heart disease, cardiac infarction 
without coronary occlusion, temporal arteritis, the mucosal respiratory 
syndrome, Lofiler’s pneumonia, giant-cell pneumonia, chronic dis- 
seminated tuberculosis, aspergillosis, intestinal lipodystrophy, alloxan 
diabetes, renal anoxia, malakoplakia of the bladder, interstitial-cell 
tumor of the testis, primary splenic neutropenia^ splenic rupture in 
infectious mononucleosis, pyridoxin deficiency anemia, the anemia 
of infections, fibrous dysplasia of bone, hyperostosis frontalis interna, 
odontogenic tumors. 

New material dealing with the following subjects has been included : 
cystic fibrosis of the pancreas, the pituitary-thyroid axis, the bone 
blood flow in Paget’s disease, folic aoid in relation to macrocytic anemia, 
the pathogenesis of poliomyelitis, hemochromatosis, burns, terminal 
endocarditis, Dock’s observations on the structure of the coronary 
arteries, allergy in the production of lobar pneumonia, the mechanism 
by which pneumococci are destroyed, the apical localization of pul- 
monary tuberculosis. 

The following sections have been rewritten: carcinogenesis in its 
relation to enzymes and viruses, silicosis and anthracosis, necrosis and 
cirrhosis of the liver, Cushing’s syndrome, the Rh factor in congenital 

( 3 ) 
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when we discover that both the hemorrhage and the structural changes 
in the uterus have a common origin in disturbance of ovarian function 
the entire subject of the pathology of the endometrium acquires a 
different meaning. Unfortunately the physiological outlook is not 
always possible, and the pathologist may have to content himself 
with applying a great variety of names to an equally great number 
of states, the relationship and meaning of which he really does not 
understand. The student must learn to recognize that ignorance, 
however aptly veiled in an attractive terminology, still remains 
ignorance. 

Physiology cannot be allowed to remain in its own watertight com- 
partment. It must come out and contribute to the subject of patho- 
logical physiology. In the same way pathology must not confine 
itself to a study of states, but must include a consideration of disordered 
processes. As Sir Michael Foster once remarked with characteristic 
penetration; ''The science of meteorology cannot be divided into the 
science of good weather and the science of bad weather.’* The study 
of morphology and pathological physiology, of altered structure and 
disordered function, must go hand in hand, greatly to the mutual 
benefit of both, A world of disordered function lies revealed in any 
lesion if we only have the eye to see it. A healed tuberculous scar in 
the lung should conjure up a sharp attack, a stubborn defense, tempo- 
rary defeat, but ultimate victory. 

It has become the fashion to regard morbid anatomy, both gross and 
microscopic, as somewhat of an outworn creed, a science as dead as 
the material with which it deals. But morbid anatomy is not dead 
and never has been, ex(!ept in the hands of those whose dull minds 
would take the breath of life from the most vital subject. When taught 
by the masters of the past, morbid anatomy, so far from being dead, 
has been the living framework of a living body. The world of medicine 
did not think that there was anything dead about the '‘Cellular 
Pathologic” when Virchow poured the new wine of his vital spirit into 
the old bottles of tradition. And the bottles are not yet full. 

There is much talk in the present day regarding the coordination 
of the various subjects of the medical curriculum. The study of pathol- 
ogy in the proper spirit is the best means of breaking down the parti- 
tions which separate the subjects, for such a study forms a common 
meeting-ground for anatomy, histology, physiology, biochemistry and 
clinical medicine. Pathology is not a pure science. The pathological 
changes are merely one side of a problem, of which the other side is 
furnished by the clinical picture. Each throws light upon the other 
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and neither is complete by itself. One of the most significant of the 
early symptoms of cancer of the stomach is anorexia, a distaste for 
food. A healthy appetite is dependent on the muscle tone of the stom- 
ach wall, and this tone is destroyed by the infiltration of carcinoma 
cells between the muscle fibers which forms so characteristic a feature 
of the microscopic picture. When this is realized, both the anorexia 
and the histological appearance will acquire a richer significance and 
a fuller meaning. To these statements an exception must be made 
in favor of general pathology, which may be studied in much the same 
way as a pure science is approached. 

Pathology in relation to the living patient is the motif of this book. 
It is intended to serve as an introduction to medicine and surgery. 
The medical student who steps from the laboratory into the clinical 
years is apt to find himself in a very unfamiliar country w^here for a 
time he may be lost to a degree little guessed by his clinical teachers. 
In many schools the study of pathology is commenced at the same time 
as the study of medicine, surgery and gynecology. The student knows 
nothing about the symptoms caused by the pathological lesions he 
sees, so that he is unfitted to attempt that correlation of clinical symp- 
toms with pathological lesions which forms one of the most valuable 
exercises in a course of morbid anatomy. With the idea of overcoming 
this difficulty the account of all the more important diseases is preceded 
by a brief summary of the clinical symptoms. Then comes the usual 
description of the morbid anatomy, and this is followed by an attempt 
to correlate the symptoms with the lesions. It is hardly necessary to 
defend the introduction of a brief account of symptoms, for the text- 
books of medicine and surgery do not hesitate to preface the discussion 
of clinical manifestations by a survey of the morbid anatomy which 
frequently does not err on the side of brevity. For these reasons I have 
ventured to use the sub-title: ‘"An Introduction to Medicine. ” 

To the student the value of a persistent endeavor to correlate 
symptoms wdth lesions lies not so much in the number of facts which 
he may succeed in memorizing, as in the development of an attitude 
of mind which may color the whole of his future professional career. 
The clinical-pathological conference owes its popularity to the realiza- 
tion of this fact. Education can achieve no higher success than by 
leaving its abiding imprint on the mental outlook of those who come 
under its infiuence. 

To the clinician who wishes to indulge in the periodic brain-dusting 
recommended by Osier there are few more valuable correctives than 
a renewed acquaintance with the facts of morbid anatomy as revealed 
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in the postmortem room. It is more than one hundred and thirty years 
since Bichat wrote the following words, but they are as true to-day 
as they were then: “You may take notes for twenty years from 
morning to night at the bedside of the sick upon the diseases of the 
heart, the lungs, the gastric viscera, etc., and all will be to you only a 
confusion of symptoms, which, not being united in one point, will 
necessarily present only a train of incoherent phenomena. Open a few 
bodies and this obscurity will soon disappear, which observation alone 
would never have been able to have dissipated. Dissect in anatomy, 
experiment in physiology, follow the disease and make the autopsy 
in medicine. This is the three-fold path without which there can be 
no anatomist, no physiologist, no physician. ” * 

William Boyd 

Winnipeg. 
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A Text- book of Pathology 


PART I 

GENERAL PATHOLOGY 

CHAPTER I 

THE CONTENT OF PATHOLOGY 

Pathology is the study of the basis of disordered function. More 
fully stated, it may be considered to be the study of the processes and 
causes of disease and of its nature. It is concerned with answering 
the questions how and why in relation to disease. At first sight there 
would appear to be no difficulty in forming a conception of what we 
mean by disease, but the more closely the matter is considered the 
more difficult does it become. Health is a condition in which the 
organism is in complete adaptation to its surroundings. Disease is a 
change in that condition as a result of which the organism suffers 
from discomfort (dis-ease) . But the question of health or disease may 
be considered from the point of view of the physician or of the pathol- 
ogist, and the result will be correspondingly different. A man may 
die from the terrible convulsions of strychnine poisoning, yet the 
pathologist will find no structural change or lesion to which he can 
point as the cause of death. On the other hand a person in perfect 
health may be found at autopsy to have a tuberculous lesion of the 
lung or chronic disease of the heart valves which has been compensated 
for by cardiac hypertrophy. Are we to consider such a person in a 
state of health or of disease? It has been said that “health is harmony, 
disease discord, “ and Adami remarks that the harmony may be in a 
minor key. So long as there is harmony, even though the price of 
that harmony be the structural alterations of compensation and 
resistance, the person is in a state of health to the clinician, but to 
the pathologist the lesions in the organs have to be interpreted as 
evidence of disease. 

Clinical medicine is concerned with disturbances of function as 
manifested by the symptoms of the patient, while pathological anatomy 
is concerned with changes in structure. But it is essential that the 
two go hand in hand, for both present only one side of the picture. 
The pathologist performing an autopsy on a case of typhoid fever for 
the first time could no more deduce the clinical symptoms from the 

( 13 ) 
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lesions which he finds after death than could the clinician forecast 
the structural changes from a study of the living typhoid patient if 
he had never attended an autopsy. The pathologist who never goes 
on the wards is comparable to the clinician who never enters the 
autopsy room. 

Pathology, then, in the sense of morbid anatomy and morbid his- 
tology, is the stud^' of the tissue alterations which develop as the 
result of pathogenic or disease-producing agencies. It is true that in 
actual practice these alterations may be of so fine a character as to 
escape detection, but this is merely because the methods at our dis- 
posal are still comparatively crude. This is even more true of the 
so-called functional disorders which form so large a part of the physi- 
cian’s practice. In spite of these limitations it can still be said that 
pathology' is the substructure of diagnosis, for, as Ilainman points 
out, diagnosis is coiicemcd more with structural change than with 
functional disturbance. 

It is easy to make the fatal mistake of regarding pathology as being 
concerned merely with states, particularly the state at the moment of 
death. But disease is not a state; it is rather a process ever changing 
in its manifestations, a process which may end in ro(‘overy or in death, 
W’hich may be acute and fulminating in its manifestations, or wdiich 
may represent the slow ageing of the tissues brought about by the 
sharp tooth of time. To rest content w^ith recognizing and correctly 
naming a mitral stenosis at autopsy is to be satisfied with playing the 
part of a technician. For the lesion has been present during many 
years of life, and its presence is not sufficient to explain the final end. 
Moreover the patliologist has to try to explain not only why the 
patient died but how" he w^as able to live. As Boyc‘ott remarks: “1 do 
not wonder that people* die; that is easy enough. What I marvel at 
is that they go on living with bodies so maimed, disordered, and 
worn out.” We must concern ourselves with processf*s which ha\'e got 
out of place, out of time, and out of tunc, as well as with flisordcr of 
structure, for disease may be defined as merely a summation of chemi- 
cal reactions that have gone wrong. It is the high function of the 
pathologist not merely to attach correct labels to tlie lesions when he 
sees them, but to reconstruct the course of events from the earliest 
inception of the disease to the final moment when w^e have to fall out 
of “the splendid procession of life.” In speaking of the microscopic 
study of the kidney from a case of chronic Bright’s disease. Rich paints 
a picture of the true pathologist: “In that minute film of tissue he 
plainly sees dynamic disturbances of renal function with alterations in 
the composition of the blood, the tissue fluids, and the urine, the ele- 
vated blood-pressure, the hypertrophied heart with its constant threat 
of decompensation, the anemia wdth its debilitating effects, the dis- 
turbances of vision, the impending symptoms of uremia. In brief, in 
that bit of dead tissue, altered by the effects of fixatives and stains, 
he sees the general outlines of a living patient progressing along the 
padi from health to death.” 
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But the lesions and the functional disorders to which they give rise 
are not everything. There are the hidden qualities of tissue and blood 
to be considered, those qualities which determine the result, favorable 
or otherwise, of the interaction between the patient and noxious influ- 
ences. The more searching the inquiry, the more difficult becomes the 
separation of the concepts of health and disease, till finally there is 
danger of arriving at the conclusion that all things medical belong to 
the pathologist. 

It must be borne in mind that it is the whole patient who conies 
to. the doctor’s office, not just a disordensl liver, a cardiac lesion, or 
a septic throat. In the words of the old French proverb: “There are 
no diseases, but only sick people.” It has been estimated that at least 
50 per cent of all patients c*onsultiug a physician have no real organic 
trouble. From this it is evident that what is usually called morbid 
anatomy constitutes only one part of the general subject of pathology. 
It is the part, however, with which this book is primarily concerned. 

I’he structural changes observed at autopsy are not due to death, 
for if deatli be sufficiently sudden, as from poisoning by prussic acid, 
r.o change of any kind may be detected. They are the result of the 
]>roccsses of degeneration, reaction, repair, and growth disturbance 

liich have preceded death. Pathology is therefore concerned with a 
study of these processes and with their causes. They may be grouped 
under a comparath ely few headings, and a study of these general 
processes comprises the subject of (Jeneral Pathology which forms the 
first part of this book. After completion of this study it is possible to 
turn to the various organs and systems and apply the general prin- 
ciples to specific instances. The study of heart disease, kidney disease, 
nervous disease, etc., comprises the subject of Special Pathology. 

The causes of disease are known as the etiologiccil factors. The 
method by which the lesions are produced by these factors is known as 
pathogenesis. Etiology tells us what sets a process in motion, patho- 
genesis how it is set in motion. Nothing would be gained by discussing 
etiological factors in detail at this point, as the student is unfamiliar 
with the diseases which they produce. Suffice it to say that they may 
be gathered into seven main groups. I'hcse are: (1) congenital or 
hereditary tendencies or defects, with which may be included the 
difficult subject of constitution; (2) insufficiency of food and oxygen, 
including those conditions known as deficiency diseases; (»3) infections 
by the various pathogenic microorganisms; (4) animal parasites; (5) 
trauma; (6) physical irritants; and (7) chemical poisons. Reference 
to the table of contents will serve to amplify this brief summary of 
the processes and causes of disease dealt with in the subject of General 
Pathology. 

ADDITIONAL READING 

Adami: Principles of PatholoRy. Philadelphia, 1910, p. 21. 

Boycott: Lancet, 1938, 2, 840. 

Hamman and Rich : Clinical Pathologic Conference, Internal. Clinics, 1933, 1, 198. 



CHAPTER II 


DEGENERATIVE PROCESSES AND DISTURBANCES OF 

METABOLISM 

The group of processes known to pathologists as the degenerations 
forms rather a heterogeneous collection. They can be studied from 
the point of view of the abnormal materials which appear in the cells 
or the intercellular substance. It is better to take a wider view and 
regard them as indications of sickness on the part of the cells, as dis- 
orders of metabolism which suggest what Galton has called the steady 
and pitiless inarch of the hidden weaknesses in our constitution . They 
are the fingerprints of disease left on the tissues. Some are slight and 
transitory ; others proceed to a fatal termination. 

CLOUDT SWELUNG 

The condition known from its gross appearance as cloudy swelling, 
also called albuminous degeneration^ is much the commonest of the 
degenerations. It is an indication of a disturbance of cell metabolism 
which may occur as the result of any toxemia. The toxin may be the 
product of any infection or infectious fever such as pneumonia or septi- 
cemia; it may be an inorganic poison such as corrosive sublimate, or 
it may be a toxin of endogenous origin in such conditions as jaundice 
and diabetes. From this it will be seen how extremely common the 
condition of cloudy swelling must be. Moreover postmortem autolysis 
produces an identical picture, so that if more than a few hours have 
elapsed between death and the autopsy, cloudy swelling of some degree 
wifi be found no matter from what disease the patient may have suffered. 

The principal organs showing cloudy swelling are the kidney, the 
liver, and the hegrt muscle. The organ affected is slightly enlarged, 
owing to swelling of the cells of which it is composed. It is pale, the 
bloodvessels being compressed hy.]y[]iftjswoIlen cells. The cut surface 
has a rather cloudy appearance, slightly opaque, as if scalded in hot 
water. 

The microscopic appearance can best be studied in the highly special- 
ized cells of the convoluted tubule of the kidney. (Fig. 1.) The cell 
presents two abnormal features^ (1) it is unduly granular, and (2) it 
is swollen so that it projects unevenly into the lumen of the tubule. 
The distinction between the degenerated convoluted tubules with 
highly irregular outline and the apparently unaffected collecting 
tubules is often very striking. As the condition advances the cell may 
break down and the granular material is discharged into the lumen 
of the tubule. Fatty globules may appear in the cytoplasm, an asso- 
ciation of fatty degeneration with cloudy swelling. The granules are 
albuminous in character, and can be distinguished from fatty granules 
( 16 ) 
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by the fact that they are soluble, ia acetiaacidjond mspluble in Jipoid 
solvents such as chloroform, but as the condition advances true fatty 
droplets resembling myelin may appear. Part at least of the granular 
appearance seems to be due to changes in the mitochondrial rods, 
which break up into granules that fuse to form larger masses. The 
s welling o f the cell is due tq edema. 



Fig. 1. — Cloudy swelling of kidney. The cells ol the convoluted tubules show marked 
swelling and granularity, while those of the collecting tubules (at the left) are but little 
afTccted. X 1000. 

Cloudy swelling closely resembles the early stages of postmortem 
autolysis. In both there is granularity and swelling of the cytoplasm. 
It can be shown that organs ’the seat of cloudy swelling undergo very 
rapid postmortem autolytic changes. The interest of cloudy swelling 
lies in the fact that it is an indication that the patient has suffered 
from a toxemia, exogenous or endogenous. Its signifieance is largely 
discounted because of two reasons: (1) the multiplicity of the con- 
ditions, including terminal infections, which may cause it; (2) its occur- 
rence as a postmortem phenomenon unless the material is very fresh. 

Hydropic Degeneration. — In this condition, also called serous degeneration, 
epithelial cells become distended with clear fluid, sometimes to such an extent 
that they actually burst. The change is best seen in acute inflammation of 
surface epithelium, as in blisters, smallpox, and anthrax. The osmotic pres- 
sure of the cytoplasm is altered, so that the cells take up fluid from the sur- 
rounding tissue. Detached cells lying in watery fluid undergo a similar change. 
The cells of a carcinoma, especially carcinoma of the cervix, may show marked 
hydropic degeneration. 

FATTY DEGENERATION 

Fatty degeneration is a condition in which degeneration of the cell 
is accompanied by the appearance of fat droplets in the cytoplasm. 
As we proceed we shall find that this definition says too much" and at 
the same time too little. The presence of visible fat in cells where it 
2 
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normally cannot be seen is of twofold interest: (1) It is. a sure indi- 
catMWxjiat the cell is sick (except iA the case of the liver), and (2) the 
fat itself is a substance singularly interesting to study and easy to 
demonstrate. No intelligent discussion of the behavior of fats in dis- 
ease is possible without some understanding of what is going on under 
conditions of health. 

Distribution and Transport of Fats.— Fat is present in the body in two very 
different forms: (1) as depot fat, and (2) as tissue fat. The depot. fat is visible 
fa t giving the usual chemical reactions, and collected chiefly iii the subcu- 
taneous tissue fand^he b:^^^ where it is known as adipose tissue. The 
fat'ceD i^ adipose tissue is a connefctive-tissue cell distended with neutral fat 
whiqh_ displaces Jbhe nucleus to the side of the cell. In mamutrition the 
fat cells are much smaller than when a person is well nourished. As the result 
of insulin and glucose therapy the diameter of the fat cells may be doubled; 
before treatment they may be small and thick-walled, while after treatment 
they become distended and thin-walled. In the fetus the fat cell at first has 
a central nucleus and granular cytoplasm. Fine globules of fat appear in 
the cytoplasm around the granules, enlarge, and coalesce so as to form one 
large globule which occupies the entire cell. In areas where adipose tissue 
has been destroyed the new cells are sometimes of the fetal type at first. The 
tissue fat exists in a combined or invisible form so united with the protoplasm 
of the cells that it cannot be demonstrated by histological methods unless it 
becomes visible as the result of pathological change. For long the question 
was asked: Where does this tissue fat come from? It used to be thought 
that the cell proteins could become changed into fat. It now appears likely 
that there are two great sources of fat: (1) the fat in the food and that in 
the fat depots, and (2) the carbohydrates. With the latter we are not con- 
cerned here. As fats are insoluble it is evident that the fat in the food and 
the depots must undergo some change before it can be carried by the blood to 
the cells. A brief review of some chemical facts therefore becomes necessary. 

The fats may be divided into two great groups: (1) neutral fats, and (2) 
lipoids. Together they form the lipins. The neutral fats are esters of the 
triatomic alcohol glycerin and a fatty acid. The three chief fatty acids are 
palmitic, stearic, and oleic. The neutral fats of the food are broken up by 
digestive ferments into their primary constituents, glycerin and a fatty acid. 
The fatty acid combines with an alkali to form a soap, and as this is soluble 
it can be absorbed and carried to the cells, where the fatty acid is liberated 
from'the soap, and recombined with glycerin to form neutral fat. The classical 
experiments of llosenfeld prove conclusively that the depot fat is derived 
mainly from the fat in the food. A dog was fed on mutton fat, which has a 
higher melting-point than its own fat so that it can be easily recognized. In 
time the fat in the depots came to consist entirely of mutton fat, so that the 
animal was in truth a dog in sheep^s clothing. Depot fat may also be formed 
from the carbohydrates of the food. This change does not take place readily 
in man, but with great ease in swine and geese, so that these animals can be 
fattened on a purely carbohydrate diet. P yqtpii jjLAake pp part in fat formation. 

In the fat in the depots the fatty adds are in a saturated mrm' and are there- 
fore inactive and cannot be utilized directly. In the tissues the fatty acids are 
unsaturated so that they are available for active metabolism. It seems prob- 
able that the liver acts as an intermediary station, desaturating the fats 
whether of the food or of the depots so that they can be readily utilized. The 
iodine value which indicates the degree of saturation is low in depot fat, high 
in the tissues, and intermediate in the liver. We shall find, as is but natural, 
that in respect to fatty degeneration and infiltration the liver must be sepa- 
rated from all the other organs. 

The lipoids^ which resemble fats in being soluble in fat solvents such as 
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alcohol, chloroform, and ether, are even more essential to the life of the cell 
than the fats themselves. The chief of the lipoids are cholesterol and the 
phospholipins or phosphatides. C&a|e.§^Q2^Qr.its ester is present in the cyto- 
pla^ of all cells. It forms a most important qdnstltu^hl^ d'f hir^^^^ which 
if 'was ffrst isolated and derived its name {chohy bile; stereos^ solid), of the 
envelope of red blood corpuscles, and of the adrenal cortex. In pregnancy 
there is a great increase in the cholesterol of the blood, and it is present in 
large ^ount in the corpus luteum of the ovary. At the en3 of pregnancy 
there is an outpouring of cholesterol in the miUc, and the blood cholesterol 
returns to normal. The medullary sheath of the nerves and the white matter 
of fhe brain and spinal cord is composed of myelin, which is made up of several 
lipoiidSf. the, chief being cholesterd. Like cholesterol, myelin is anisotropic, 
i. e., doubly refractile to polarized light. Lecithin, a phospholipin or combi- 
nation of neutral fat with phosphoric acid and a nitrogenous base, is another 
important lipoid constituent of cells. It enters into the formation of myelin. 
Cephalin is a phospholipin found principally in the central nervous system. 

Staining Methods.— The various methods for the demonstration of lipins 
(neutral fat and lipoids) are of particular importance, and must be thoroughly 
understood by the student of fatty degeneration. In the first place it is evident 
that the ordinary methods of parafSi and celloidin embedding are not per- 
missible, for they entail the use of such fat solvents as chloroform, xylol, 
and ether. Frozen sections are therefore used for this work. By some methods 
to be considered presently it is possible to convert the fat into an insoluble 
form, after which paraffin or celloidin embedding may be used. 

The simplest staining method is the use of the azo series of aniline dyes, 
Sudan III or Scharlach R (scarlet red), on frozen sections w'hich may be 
fresh or fixed in formalin. The Sudan ^ves an orange color, the scarlet red a 
brilliant red. There is no chemical union between the fat and the dye; the 
latter is more soluble in fat than in alcohol, so that it leaves the alcoholic 
solution and becomes dissolved in the fat. Cholesterol and its ester stain less 
brilliantly than neutral fats with scarlet red. These dyes do not stain normal 
myelin nor the fatty acids, but when the myelin is broken down it is readily 
stained. A fatty acid can be stained by any 6asic aniline dye such as methyl- 
ene blue or methyl violet. The fat is first hydrolyzed into a fatty acid and 
glycerin by the action of dilute acid or even by exposing the section to the 
CO 2 of the air. The oxazine dyes, of which Nile blue sulphate is the chief 
one used, act as double stains. One stain is an oxazine base and stains fatty 
acids blue in the usual way. The other stain is formed by decomposition of 
the oxazine base in watery solution with the formation of a bright red dye 
which is soluble in neutral fat though chemically indifferent to fatty acids. 
By this method of Lorrain Smith the constituents in a mixture of neutral fat 
and fatty acids can be stained separately. 

The use of osmic acid is the oldest method of staining fat and it is still one 
of the most useful, particularly for recent degenerations of the nervous sys- 
tem. The substance is really a peroxide of osmium which is reduced by the 
fat, and forms a black compound with it which is insoluble in xylol. Thus 
osmic acid is a fixative as well as a stain, and tissue thus fixed can be em- 
bedded in paraffin and cut without losing its fat. Osmic acid stains neutral 
fat and lipoids such as cholesterol ester and myelin, but the tissues must not 
be kept too long in formalin, else they will become oxidized. 

Marches method is an offshoot of the osmic acid method and depends on the 
principle of selective oxidation. When a tissue is kept for a certain period in 
a solution of potassium bichromate the easily oxidized fats become oxidized. 
Osmic acid is then used; this stains any unoxidized fats but not those already 
oxidized. The method is of supreme value in examining recent degenerations 
and injuries of the nervous system not more than a few w^ks old. Normal 
myelin is readily oxidized and so fails to stain, but the myelin of degenerating 
medullary sheaths is oxidized ve^ slowly by the potassium bichromate and 
is readily stained by the osmic acid. In time the myelin disappears and then, 
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of course, the method is inapplicable. In a recent injury to the internal capsule 
(hemorrhage, etc.) the degenerated fibers can be traced down the pyramidal 
tract in the cord with the greatest exactness by means of Marchi’s method. 
This has been a potent weapon in the hands of the physiologist who can 
produce his own experimental lesions in the brain, and then follow the course 
of the degenerating nerve fibers. From what has been said it is evident that 
normal myelin is stained by osmic acid but not by Marchi’s method. 

Weigerfs method for staining myelin may be looked on as the converse of 
the Marchi method, for by it only the normal myelin is stained. It is used for 
old degenerations in which the degenerated myelin has disappeared. When 
fat is only partially oxidized by potassium bichromate and thus still unsatu- 
rated it has the power of combining with hematoxylin to form an insoluble 
dark blue lake. As the stained fat is now insoluble the tissue can be embedded 
in paraffin or celloidin. The method is principally used for demonstrating old 
degenerations of the nervous system, the myelin of the normal fibers staining 
dark blue and the degenerated fibers remaining unstained. 

Another method of great value in differentiating lipoids from neutral fats 
is examination by polarized light. When NicoPs prisms are placed on the 
microscope and a frozen section is then examined, cholesterol and cholesterol 
ester which are anisotropic, i. 6., doubly refractile, appear as brilliant bodies 
against a black background, the ester often taking the form of a Maltese cross 
of light. Neutral fats are not anisotropic, and therefore remain invisible. 
This method is sometimes very useful in pathological conditions. 

The Nature of Fatty Metamorphosis.— From the days of Virchow a 
distinction has been drawn between two forms of fatty change: (1) 
fatty degeneration, and (2) fatty infiltration. These may both be 
included under the term fatty metamorphosis. In fatty degeneration 
according to Virchow, owing to disease of the cell the proteins of the 
cytoplasm were converted into fat, whereas in fatty infiltratioi^ too 
much fat was carried to an otherwise healthy cell and appeared there 
in visible form. In degeneration the fat droplets were small and 
numerous, whereas in ii^ltration they fused together to form a few 
large drops. The foundation on which this hypothesis was based is 
largply mvalidAted hy tl^e knowledge fata axe not formed from 
proteins. Dible, who has studied the matter very thoroughly, believes 
that fatty change in the Irver is entirely due to transfer of fat from 
fat depots, and is therefore in the nature of an infiltration. In experi- 
mental starvation the liver quickly becomes fatty, the degree of the 
change depending on the amount of available fat in the body. When 
an animal is starved until the fat in the depots is exhausted, poisoning 
with phosphorus fails to produce fatty degeneration of the liver. It 
seems probable that the factor of starvation plays a part in the genesis 
of many cases of fatty liver owing to interference with metabolism 
there. In other organs, e. g., heart muscle and kidneys, a similar 
mechanism seems to be responsible for the fatty change. The old idea 
of fat phanerosis (pkaneros, visible), an unmasking of the invisible fat 
already present in the cytoplasm of these organs, must now be replaced 
by the concept of fatty infiltration (Popjak). The experimental work 
of Dible tod Govan shows that ^Tatty degeneration” of the heart and 
kidney may be produced by the intensive administration of fat in the 
diet. In such cases the fatty metamorphosis appears to be an infil- 
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tration rather than a degeneration. There is still another form of 
fatty metamorphosis which may be called lipoidal degeneration, 
characterized by an increase in the amount of visible lipoid. 
This may be due to- a true infiltration or to a setting-free of 
previously combined lipoid. It is seen in the kidney, adrenal, o^ ary, 
gall-bladder, and some tumors, and will be discussed in a later para- 
graph. 

Causes.— There are two great causes of fatty metamorphosis: (1) the 
action of toxins, and (2) lack of oxygen. It is possible that the first 
factor acts by virtue of interfering with the proper oxygenation of the 
cell, which would make this the basis of all fatty degeneration. The 
poisons may be divided into organic and inorganic. The organic 
poisons are bacterial toxins, by far the most important etiological 
factor. Any of the acute infections or such a chronic infection as 
tuberculosis may act in this way. Of the inorganic poisons phosphorus, 
chloroform, and alcohol are the most important. Phosphorus poison- 
ing is seldom seen nowadays. If a person dies some days after pro- 
longed chloroform anesthesia, marked fatty degeneration particularly 
of the liver will be found. These metabolic disturbances are the basis 
of the so-called delayed chloroform poisoning. Chronic alcoholics, 
especially heavy beer-drinkers, may show marked fatty degeneration 
of the- liver. Insufficient oxygenation as a cause is seen in severe 
anemias both primary (pernicious) and secondary. The degeneration 
which is well seen in the heart and kidney as well as the liver is most 
marked in pernicious anemia. Loss of the local blood supply may 
lead to fatty degeneration. In the atrophy of old age, disuse, and 
chronic venous congestion the cells often show fatty degeneration, 
probably caused by insufficient oxygenation. Softening of the brain 
due to ischemia is characterized by marked fatty metamorphosis, the 
myelin breaking up into droplets which are readily stained with 
Sudan. Fatty degtoeration can be studied experimentally in tissue 
cultures. Many of the cells in such a culture contain minute droplets 
which can be stained with Sudan. If the metabolism of the cells is 
interfered with by the addition of alcohol or phosphorus, the fat 
droplets become much larger and more numerous. 

The causes of lipomatosis or adiposity are: (1) excessive ingestion 
of fats and to a lesser degree of carbohydrates, and (2) factors which 
interfere with the proper utilization of fat. Among the latter arc lack 
of exercise, advancing years, sex (female), race (Hebrew), and some- 
times dysfunction of one of the ductless glands, particularly the 
pituitary as in the disease known as dystrophia adiposo-genitalis. 

Fatty Degeneration in Special Organs.— Although fatty degenera- 
tion may affect the cells of any organ, it is most readily observed in 
the liver, the kidney, and the heart. 

The liver is paler and yellower than normal, soft in consistence, the 
edges are swollen and rounded, and the cut surface may be slightly 
greasy. The organ may be considerably enlarged, as in the beer- 
drinker’s liver. MiQTO^ogicjllly. t^ fat drop- 
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lets which can be readily stained with Sudan, osmic acid, and the 
other methods already described. (Figs. 2 and 3.) All of the fat is 
neutral fat. In the past there has been much discussion as to whether 
a given liver shows fatty degeneration or fatty infiltration, but with 
om* present knowledge that all the fat comes from the fat depots, the 
matter may well be dropped. Mgpkpd fatty changes in the liver are 
seen in seve re anem ia., pulmonary tuberculosis, diabetes, and chronic 
vraous congestion of the liver, conditions in which oxidation of the 
fats Islhterfered with. The liver plays an important part in the oxida- 
tion of fats and the formation of ketone bodies. The multiplicity of 
conditions which will cause fatty metamorphosis in the liver suggests 




Fig. 2. — Fatty liver. Tlie liver cells are 
occupied by large clear droplets of fat. 
X 376. 


Fio. 3. — Fatty liver stained with osmic 
acid. The fat is at the periphery of the 
lobules. X 76. 


that one of the most easily disturbed properties of the liver cell is its 
ability to deal with fat. The less the oxidation, the greater is the 
accumulation of fat. If an animal is first starved it is impossible to 
produce fatty changes in the liver by the ordinary experimental 
methods, as no fat is transported from the depleted depots. 

In recent years much interest has been aroused by the so-called 
lipotropw factors, a term suggested by Best to indicate substances 
which prevent or remove the accumulation of excess fat in the liver. 
Under normal conditions the amount of fat in the liver is fairly con- 
stant. An accumulation of fat indicates a change in metabolism. 
This may be due to failure in the transport of fat from the liver or to 



FATTY DEGENERATION 


23 


too rapid withdrawal from the fat depots for the liver to deal with. 
Phospholipids are essential for the transport of fat, and as choline 
promotes the formation of phospholipids absence of this food factor 
from the diet leads to the rapid accumulation of enormous amounts 
of fat in the liver. This is true also of choline precursors such as methi- 
onine. The effect of protein on fat transport seems to be due to the 
transfer of methyl groups from methionine for the synthesis of choline. 
Pregnancy damages the liver because the lipotropic factors are side- 
tracked to the fetus. Dietary casein has a lipotropic effect; it is pos- 
sible that this may be due to its methionine content. Thiamin appears^ 
to have an antagonistic action on the lipotropic effect of choline. It 
is of interest to note that attention was first drawn to the possibility 
of lipotropic factors by the accumulation of large amounts of fat in 
the livers of depancreatized dogs maintained on insulin but an inade- 
quate diet. Another lipotropic factor named lipocaic has been ex- 
tracted from the pancreas. 

Accumulation of fat in the liver can be produced experimentally 
in a variety of ways: (1) by the absence of such lipotropic factors as 
choline, methionine, betaine, and inositol; (2) by^ pancreatectomy; 
(3) by the administration of toxic substances such as chloroform; (4) 
by a high fat-low protein (casein) diet; (5) by anterior pituitary 
extract (ketogenic fraction). All fatty livers are not alike, and the 
effect of lipotropic factors depends on the character of the lipids. 
Thus choline does not prevent fat accumulation due to anterior 
pituitary extract but lipocaic does, nor does choline have much effect 
on the fatty livers due to toxins and starvation. For further informa- 
tion on these matters the reader is referred to the reviews by Best 
and by McHenry and Patterson. 

Fatty infiltration of the liver caused by a high fat-low protein 
(casein) diet tends to lead to cirrhosis (fibrosis). This may be asso- 
ciated with necrosis of the liver cells or may be independent of it. 
There is apparently direct stimulation of the fibroblasts with resulting 
cirrhosis. 

The kidney is pale, but is not necessarily enlarged. The cells lining 
the convoluted .tubules contain large numbers -of small fat. droplets. 
This fat is chiefly lipoid in the moderate grades of degeneration, 
although neutral fats appear in the more severe forms. The droplets 
first appear between the nucleus and the base of the cell, but presently 
they may fill the entire cell. As the condition is a true degeneration 
the nucleus and cell structure may show degenerative changes in the 
advanced stages. If the collecting tubules show any fatty change it is 
only slight in degree. 

In the heart fatty degeneration is especially marked in pernicious 
anemia and other severe forms of anemia. The heart is soft and flabby 
so that in extreme cases it may collapse in mushroom fashion when 
held up by the apex. The change is best seen in the papillary muscles 
of the left ventricle, where it produces a speckled appearance of the 
muscle under the endocardium, to which the names of “thrush breast” 
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and “tabjby cat” have been applied. Other parts of the wall of the 
ventricles may also show marked mottling. Under the microscope the 
change is seen to be due to a replacement of the muscle fibers (which 
are really cells) by numerous droplets of fat often arranged in longi- 
tudinal rows. (Plate I and Pig. 4.) Normal heart muscle contains no 
visible fat, and yet it yields 15 per cent of fat when extracted with 
ether. A heart die seat of marked fatty degeneration is full of visible 
fat, yet extraction with ether may show only a very slight increase. 

In a medvllated nerve the fatty metamorphosis known as WaUerian 
dfffCMfiKdton znay pccur as.the. result of injury to the nerve fiber either 
in a jieripheral nerve or in the. central nervous system. The myelin 
becomes~brokeh up into droplets which can be beautifully demon- 
strated by means of Marchi’s method. This change will be described 
in detail in the section on the Nervous System. 

lA’pcrmatosis is a local adiposity of the connective tissue due to fatty 
infiltration. It is best seen in the heart, where large droplets of fat 
lie in the connective tissue between the muscle bundles, and may 
interfere considerably with the action of the organ. If the extra 
supply of fat is cut off the lipomatosis will disappear. 



Fia. 4. — Fatty degeneration of heart. Frozen section stained with Scharlach R showing 

droplets of fat. X 450. 


Lipoidal Degeneration.— In ordinary fatty degeneration and infil- 
tration the fats concerned are neutral fats. There is in addition an 
important group of pathological changes involving the lipoids, mainly 
cholesterol and cholesterol ester. These lipoidal changes may be both 
in the nature of degeneration and infiltration. Cholesterol, which is 
not a true fat but an alcohol, is normally present in large amount in 
the adrenal cortex, which appears to remove it from the blood and 
store it. In addition it can be dempnstrated in the interstitial cells 
of the testis and ovary. It is a constituent of all the cells of the body, 
but in an invisible form. When the cell undergoes autolysis the 
cholesterol is not destroyed, so that it may become visible either as a 
needle-shaped crystal or as a flat plate with one comer bitten out. 



Fatty Degeneration of Heart 

Tho majority of the muscle cells are loaded with fat stained red with Scharlach R. 
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The nature of these crystals as well as that of the ester can be beauti- 
fully demonstrated by examining frozen sections under crossed Nicol’s 
prisms; the brilliantly white anisotropic material stands out against 
the black background. Cholesterol crystals may be found in caseous 
tissue^. infarcts, old hemorrhages, atheroma, degenerating goiters, der- 
moid cysts, hydrocele fluid, etc. The yellow patches on the inner 
surface of the aorta in atheroma consist mainly of lipoids, but neutral 
fats arc also present. The characteristic spindle-shaped clefts in the 
tissue are often associated with giant cells, indicating a foreign body 
giant cell reaction. This reaction is best seen in the tumor-like masses 
called xanthomas. The cholesteatomatous masses which occasionally 
occur in the ear and the cranial cavity consist largely of cholesterol. 
Two conditions which more closely resemble true fatty degeneration 
than those already mentioned are cholesterolosis of the gall-bladder 
(strawberry gall-bladder) and those forms of Bright’s disease which 
are associated w ith marked albuminuria and edema, i. e., nephrosis and 
wet nephritis. In these conditions there is a remarkable collection of 
cholesterol in the epithelial cells of the gall-bladder and kidney respec- 
tively, which will be considered in detail w^hen these diseases are 
described. When cholesterol ester is set free as the result of lipoidal 
degeneration it is often taken up by phagocytic cells, giving the cyto- 
plasm of these cells a vacuolated appearance. These foam cells are 
seen to best advantage around an area of brain softening, but they 
are found in degenerating goiter and many other situations. 

Lipoid storage is a condition in which large quantities of lipoid 
accumulate in certain cells of the body. When an animal is fed on a 
diet rich in cholesterol, the lipoid stored in the body is increased in 
amount, and if enough is used an atheromatous-like degeneration of 
the aorta may be produced. As a result of disease there may be very 
marked lipoid storage, especially on the part of the cells of the reticulo- 
endothelial system. Im-occasional cases of severe, diabetes and even 
more rarely in obstructive jaundice this system of cells becomes loaded 
with lipoid, so that the organs involved (spleen, liver, etc.) become 
enlarged. Even more striking examples of lipoid storage are afforded 
by Gaucher’s disease and Niemann’s disease, obscure conditions of 
disturbed lipoid metabolism associated with enormous enlargement 
of the spleen owing to the extreme distention of all the reticulo- 
eadothelial cells with lipoid. Christian’s syndrome seems to be another 
example of the same condition. 

Tissue reactions to lipids, a term which signifies a heterogeneous 
group that includes fats, oils, waxes, phospholipids and sterols, are 
varied. These reactions occur when the fats are not completely metab- 
olized. The reaction about unhydrolyzed fat is similar to that against 
an inert oil-like liquid petrolatmn. With hydrolysis of the fat and 
liberation of fatty acids there may be acute necrosis or a non-specific 
reaction on the part of fibroblasts and macrophages. Insoluble soaps 
excite a foreign body giant-cell reaction. The various reactions have 
been fully discussed by Hirsch. 
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Lipemia.— A marlcpid innrftftsft in the Upoida of the blood is kuown 
The normal fat content of the blood is 0.6 A p er cent. 
This consists for the most part of lipoids with very little neutral fat. 
In lipemias the chief increase is usually in the cholesterol, with some 
increase of lecithin and fatty acids. Such a condition is called hyper- 
cholesterolemia. There is often a marked increase of the lipoids in 
diabetes, chronic alcoholism, nephrosis, the wet stage of nephritis, and 
obstructive jaundice. In pregnancy there is a slight increase and in 
eclampsia a marked increase. In diabetic coma there may be as much 
as 20 per cent blood fat. In the more marked cases the blood serum 
has a milky appearance, so that the more severe grades can readily 
be recognized with the naked eye. Deposits of the lipoids may occur 
in the skin in diabetes and in obstructive jaundice, giving rise to little 
flat plaques of a yellow color, a condition known as xanthoma. 

Progressive Lipodsrstrophy.— This strange disturbance of fat metabolism is 
characterized by a symmetrical and progressive loss of subcutaneous fat in 
the face, arms and upper part of the body, associated with undue deposition 
of fat in the buttocks and lower limbs, occurring in children, usually girls. 
In extreme cases the skin rides loosely over the muscles, giving the patient a 
cadaver-like expression. To the eyes of one observer the lower half of the 
body looked like a model of one of Rubens' paintings, while the upper half 
resembled one of the witches in Macbeth. The adipose tissue of the affected 
parts is unable to store fat, no matter how much the patient may eat. The 
cause is unknown. 

Insuliii Lipodystropl^.-y-A local atrophy of subcutaneous fat may follow the 
prolonged use of insulin if it is injected continually in the same area. This 
may be due to a lipase in the insulin or to damage to the fat envelopes. There 
may be a local infiltration of lymphocytes and plasma cells. 

OL7COGEN INFILTRATION 

Glycogen is the storage form of carbohydrates, and corresponds to the 
starch of plants. It occurs in the body in a labile and a stable form. Th- 
labile form, which represents by far the greatest amount, is present in abun 
dance in the liver (38 per cent of the total amount in the body) and in the 
muscles (44 per cent). It is converted into glucose with great ease, and rapidly 
disappears from the tissues after death. As it is soluble in water, the tissue 
should be fixed in alcohol. The stable form occurs in minute quantity in many 
tissues, and under pathological conditions it may be greatly increased in 
amount. Glycogen is the only carbohydrate which can be demonstrated 
under the microscope, and is of particular interest on that account. It is 
colored reddish-brown with iodine, and is beautifully shown by Best's carmine 
stain which colors it crimson. After the use of watery fixatives (formalin) it 
appears as fine vacuoles. The liver cells of a person who has died a sudden 
accidental death are seen to have a foamy vacuolated appearance which is 
apt to be mistaken for a pathological condition. It is in reality the normal 
picture of a healthy fiver, and is identical with the appearance seen in a piece 
of liver removed surgically, especially if the patient has received a preopera- 
tive injection of glucose. The liver seen in the ordinary hospital autopsy is 
one which is depleted of glycogen, as the patient is likely to have eaten little 
during the preceding twelve hours. 

Under pathological conditions there may be an increase (infiltration) 
or diminution in the amount of glycogen in the tissues. In diabetes 
the depot glycogen is rapidly converted into glucose, so that there is 
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a marked diminution in the amount in the liver and muscles. For 
some reason the amount in the heart muscle is increased. Large 
deposits appear in the epithelium of the renal tubules, especially the 
loop of Henle (Fig. 5), probably owing to absorption of glucose from 
the sugar-loaded urine. In suppurations the polymorphonuclear leuco- 
cytes both in the blood and the pus contain an excess of glycogen 
(iodophilic granules). Glycogen is likely to appear in places which 
show a patholo^cal increase of fat, and probably from similar causes. 
It is abundant in some tumors, especially in hypernephroma (a malig-- 
nant tumor of the kidney), where the cells have a highly vacuolated 
or characteristically clear appearance, due to the presence of fat and 
glycogen, which are present in varying proportions. • 


Glycogen Accumulation Disease or 
von Gierke’s Disease. — This is a strange 
condition in children, characterized by 
an excessive storage of glycogen, espe- 



Fig. 5.— Glycogen represented by clear 
spaces in renal tubules in diabetes. 
X 226. 



Fig. 6. — Von Gierke’s disease. Liver 
cells distended with glycogen, which has 
been dissolved out. X 400. 


cially in the liver and to a lesser degree in the kidney. The liver becomes 
enormous, and this great hepatomegaly in a child unaccompanied by spleno- 
megaly, jaundice, or any marked constitutional disturbance is highly charac- 
teristic. Thei'e is hypoglycemia, but without the usual clinical symptoms. 
The injection of adrenalin fails to mobilize the glycogen in the liver as it should 
do in a normal person. Acetone and diacetic acid may be present in the urine 
but without glycosuria. The cause of this ketosis is fundamentally the same 
as that of diabetes, although brought about in a different way. In diabetes 
the sugar, although present in abundance in the blood, is unable to play its 
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poper part in the combustion of fats. In this disease the fats are not properly 
burnt because the sugar is held in the liver in the form of glycogen. The liver 
cells are greatly distended, the cytoplasm clear or vacuolated and, in one case 
which I studied, the cell boundaries in many places appeared to be broken 
down (Fig. 6). In von Gierke's original case the kidneys were markedly en- 
larged owing to accumulation of glycogen in the epithelium of the convoluted 
tubules. Pompe has described under the title of idiopathic hypertrophy of 
the heart a case of enormous enlargement of the heart in a young boy in 
whom the heart muscle fibers were hugely distended with glycogen. The dis- 
ease appears to depend on a defective transformation of glycogen into glucose 
owing to absence of the normal glycogenolytic enzyme, so that it accumulates 
in the glycogen depots. The condition is, therefore, analogous to the lipoid 
storage disease (Gaucher's disease, Niemann-Pick's disease, Christian's syn- 
drome) in which the cells of the reticulo-endothelial system become loaded 
with lipoid. Glycogen storage, like lipoid storage, may show a familial tendency 
and may be regarded as a congenital anomaly of metabolism. 

AMTLOID DEGENERATION 

A remarkably interesting though nowadays rather uncommon de- 
generative process is that known as amyloid degeneration. It differs 
fundamentally from fatty degeneration in that it affects connective- 
tissujsUBhers and not the parenchymatous cells of an organ, although 
the latter may undergo secondary changes. 

Nature of Amyloid.— The name amyloid is singularly misleading. It was 
first suggested by Virchow because he thought that the substance was a carbo- 
hydrate allied to starch {amylon^ starch), on account of the blue color pro- 
duced when the amyloid material was treated with iodine followed by sulphuric 
acid. It is now known to be protein in nature, and appears to be a compound 
of albumen with chondroitin-sulphuric acid. The most characteristic of ' all 
the staining reactions, that with methyl violyt, is dependent on the presence of 
this acid. It must be admitted, however, that one or two observers have failed 
to demonstrate the presence of the acid. Amyloid is a highly resistant sub- 
ataijfii^being unaffected by peptic digestion, insoluble in water, very slightly 
soluble strong acids, but readily soluble in strong alkalis. The chemical 
composition varies somewhat, depending on the source of the amyloid. It 
does not occur normally in the body, but in marked forms of the disease it is 
present in enormous amounts in the affected organs. The question naturally 
arises! What is the source of the amyloid? 

It seems fair to direct our attention to the chondroitin-sulphuric acid. As 
the name implies, the substance occurs principally in cartilage. It is also 
found in organs rich in elastic tissue such as the lung and aorta. Amyloid 
disease is commonly associated with long-continued destruction of such tis- 
sues, 6. g., chronic osteomyelitis, suppurative arthritis, and pulmonary tuber- 
culosis. It might appear that chondroitin-sulphuric acid is liberated in these 
conditions and carried to the special sites in which amyloid tends to accumulate. 
Moreover, rare amyloid ^^tumors" are found in relation to the nasal septum, 
larynx, and bronchi, all of which are structures rich in cartilage. Unfortu- 
nately on further inquiry this explanation is found to break down somewhat, 
because amyloid may occur without any destruction of tissue, and may be 
produced experimentally by the injection of bacterial toxins and even by 
casein injections. Moreover, injections of chondroitin-sulphuric acid have 
never resulted in the formation of amyloid. If this explanation is inadequate, 
there app>ears to be no other to put in its place. 

Causes of Amyloid Disease.— In the great majority of cases amyloid 
degeneration occurs in chronic cachectic conditions associated with 
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maii;ed iosa of albumen frojoa the body. These conditions may be 
divided into three main groups: (1) Chronic tuberculosis of bones, 
joints, lungs, kidneys, bowel, especially when secondary infection is 
superadded. (2) LongKipntinued suppuration of bones and joints, 
chronic empyema, and other similar conditions in which there is pro- 
longed suppuration with discharge of pus from the body. (3) Syphilitic 
lesions, either acquired or congenital, especially when associated with 
suppuration, i. e., breaking-down gummata. As all of these conditions 
have become much rarer owing to modern methods of treatment^ 
amyloid degeneration is no longer the common disease it once was. 
It is most likely to be seen in a tuberculosis sanatorium. In addition 
to these three main groups, a number of other conditions must be 
mentioned. Syphilis uncomplicated by suppuration may apparently 
act as a cause. It has been found associated with malignant tumors, 
malaria, dysentery, Hodgkin’s disease, and repeated attacks of rheu- 
matic fever. In multiple myeloma of bone masses of amyloid have 
been reported in the marrow and muscles. Sometimes no adequate 
cause can be found, as in a case of my own where the autopsy failed 
to reveal any e\planation for the advanced general amyloidosis. 

The experimental production of amyloidosis is interesting, though 
it cannot be said to have thrown much light on this dark subject. 
The condition can be produced in many different animals and in a 
variety of w^ays. The injection of bacterial toxins over a period of 
months mary lead to amyloid degeneration, although by no means 
invariably. A broth culture of Staphylococcus aureus has been much 
used. Horses injected with diphtheria toxin for the production of 
antitoxin may develop amyloid. Mice with transplanted malignant 
tumors may show amyloidosis. The subcutaneous injection of nutrose 
(sodium caseinate) into mice, a method introduced by Kuezynski in 
1923, is the most effective and rapid way of producing amyloidosis, 
receding the animal on a diet rich in cheese will produce the same 
result. These results with casein are of interest as showing that amyloid 
may be produced apart from bacteria and their toxins. Smetana 
obtained amyloid after seventeen daily injections of nutrose, and also 
after thirty days of feeding with cheese. One great advantage of the 
experimental method is that it is possible to study the condition of 
the tissues immediately before the appearance of the amyloid. The 
experimental amyloid is best stained by the intravenous injection of 
Congo red before the animal is killed. Tissue for paraffin embedding 
must be fixed in corrosive sublimate, not formalin, otherwise the color 
will be lost. 

Lippids m^y play a curious role in experimental amyloidosis. When 
white mice are painted with coal tar, amyloidosis may develop, but if 
the animal is at the same^time fed,pn cholesterol, and fat it generally 
remains free from amyloid. The cholesterol seems to be of much 
greater importance than the fat. The administration of a rich lipoid 
dktJjas. aprptectiye action against nutrose injections, twice as many 
injections being necessary to produce amyloidosis as in an animal on 
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normal diet. The fat diet must not be started later than the nutrose 
injections, otherwise it is useless. At first the liver is loaded with 
lipoids, owing to the rich diet; gradually the fat disappears, and its 
disappearance is soon followed by the appearance of amyloid. The 
mouse seems to be protected as long as it can store fat. Jaff6 makes 
the wise suggestion that studies on cholesterol metabolism in man, 
completely lacking in the past, may throw more light on the nature 
of amyloid disease than elaborate chemical analysis of the amyloid 
itself. 

Staining Reactions. — There are two special methods by which amyloid can 
be stained: (1) iodine, (2) methyl violet. 

Iodine in watery solution, conveniently used in the form of LugoFs solution, 
stains amyloid a mahogany brown when viewed by reflected light, the sur- 
rounding tissue taking on a yellow color. The method is very useful in the 
autopsy room for determining if an organ contains amyloid; the solution of 
iodine is poured over the cut surface, and in a few minutes the dark brown 
patches of amyloid will appear. The renal glomeruli form a striking picture 
when the kidney is treated in this way. The method can be used for micro- 
scopic sections, the amyloid again appearing dark brown by reflected light, 
i. c., when the mirror is not used. When viewed by ordinary transmitted light 
it is a pale orange. If the iodine is followed by 1 per cent sulphuric acid, the 
brown may turn a light blue. This reaction which is responsible for the name 
amyloid is quite variable. Moreover the reaction with iodine itself is often 
not given in the early stages of the disease, suggesting that the amyloid may 
undergo some chemical change as it matures. The iodine reaction is apt to 
fail in tissue which has been kept for a long time in formalin. 

Methyl molei and gentian violet give a metachromatic reaction which is the 
best and most constant method of demonstrating amyloid. It acts well on 
tissue which has been kept long in formalin. With this method the amjdoid 
stains a rose red due to the chondroitin-sulphuric acid, while the surrounding 
tissue is colored bluish violet. This metachromatic reaction is best obtained 
with frozen sections and is most clearly seen with artificial light. 

Congo red stains amyloid in the living body. When this dye is injected into 
the blood stream of an animal with amyloid disease, all the amyloid is found 
to be stained bright red at autopsy. This method can be applied to the clinical 
diagnosis of doubtful cases, the amount of dye removed from the blood by 
the amyloid being measured at the end of an hour. When a 1 per cent solution 
of Congo red is injected intravenously, from 10 to 30 per cent of the dye 
will disappear from the blood at the end of an hour. If the patient has amyloid 
disease 60 per cent or more will disappear in the same period of time. By 
means of the Congo red test it has been shown that amyloid may be removed 
from an organ if the cause responsible for it can be removed. The dye can 
be used as a microscopic stain if the tissue is fixed in corrosive sublimate before 
staining. 

Changes in the Organs.— Amyloid degeneration is a widespread 
condition very rarely confined to a single organ, and may well be called 
general amyloidosis. The organs chiefly affected are the liver, spleen, 
and kidney, the change usually beginning in the spleen. An additional 
group of three comprises the adrenals, the pancreas, and the intestinal 
ipucous membrane. In addition to these almost every organ in the 
body may show some degree of change. It is the connective tissue of 
the organs, particularly the fibers in the media of the arterioles, which 
is attacked. The affected fibers undergo a hyaline homogeneous 
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swelling, so that the organ looks as if molten wax had been poured 
into the interstices and had hardened there. As a result of this swelling 
the parenchymatous cells become compressed and atrophic. The walls 
of the small vessels are thickened and their lumen may be greatly 
narrowed. The liver and spleen are enlargedr dense, and elastic, resem- 
bling hard .India rubber, the edges remaining hard and sharp in con- 
trast to the rounded contours of the fatty liver. The cut surface is 
sniQQth,. and has a translugent3ai^.appeara^ the condition 

is sometimes known as waxy degeneration. In the kidney othe^ 
degenerative changes complicate the picture, so that its gross appear- 
ance will be described separately. 



Fig. 7.— Amyloid degeneration of liver. The liver cells are greatly compressed by the 
abundant amyloid material. X 350. 

The liver is enlarged, sometimes to a great degree. It seems to have 
been fixed in formalin, so firm is its consistence and so sharply marked 
its borders, but it is elastic rather than hard. The cut surface presents 
the usual translucent appearance. Microscopically, the change com- 
mences in the intermediate zone of the lobule. The amyloid appears 
in the connective tissue between the sinus ^dothelium and the liver 
cells. This tissue becomes enormously swollen, so that on the one 
hand the liver cells are so compressed that they atrophy and may 
finally disappear, while on the other hand the sinusoids become nar- 
rowed. (Fig. 7.) 

The spleen is also enlarged, firm, elastic, and translucent. The 
amyloid may be distributed in two ways. In the common form it 
appears in the walls of the arteries in the Malpighian bodies (Fig. 8) 
and these lymphoid masses are gradually replaced by translucent 
masses of amyloid which are scattered over the surface like grains of 
boiled sago, so that this form is known as the sago spleen. (Fig. 9.) 
In the rarer form, the diffuse amyloid spleen, the change affects the 






32 


DEGENERATIVE PROCESSES 


connective tissue of the vepous mi nuses ^nd th? rgi^cjiljun of l^e^ulp, 
so Aat Ae^epliiirgemfint. o£--the e^n is much gmiter. 



Fig. 8.— Sago spleen, showing large masses of amyloid. X 45. 



Fig. 9. — Amyloid spleen of the 
sago type. The numerous small 
areas of amyloid are stained darkly 
with iodine. 


The kidney presents a special problem 
because of secondary changes. It may 
be enlarged like the liver and spleen, 
or normal in size, or even contracted. 
Fatty degenerative changes in the 
tubules are common, and these inter- 
fere with the waxy look of the cortex, 
giving it a streaked or spotty appear- 
ance. Microscopically the change 
begins in the connective tissue of the 
vessels in the glomerular tufts, and also 
involves the walls of the arterioles 
and the connective tissue under the 
basement membrane of the collecting 
tubules. When a solution of iodine is 
poured over the cut surface the affected 
glomeruli stand out as little brown dots. 
The glomeruli become converted into 
masses of amyloid, as a result of which 
all circulation through the glomerulus 
may be stopped, but usually some 
patent vessels still remain. Owing to 
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obstruction to the glomerular circulation the convoluted tubules are 
deprived of their blood supply and may undergo degenerative changes 
with great accumulation of lipoid, so that the condition has been 
unfortunately called amyloid nephrosis.. It is these tubular changes 
which are responsible for the gross appearance already described. 
The tubules may gradually_atrophy and be replaced by fibrous tissues, 
which by shrinking produces a picture of a contracted kidney like that 
of chronic Bright’s disease. There is no real relation between amyloid 
degeneration and Bright’s disease. 

Many other organs may show the amyloid change. The adrenals 
may be converted into solid masses of amyloid so that they become 
considerably enlarged. In the intestine the change .nffecta^ th^ ^con- 
nective tissue in the villi (Fig. 10), so that when treated witb iodine 
the mucosa may have an appearance 


of brown velvet. The thyroid may 
be converted into an almost solid 
mass of amyloid. The heart may be 
the,.. seat *pf .extensive amyloid de- 
posits between the muscle fibers. The 
heart cases fall into two groups. In 
the first and most numerous the 
cardiac deposits are merely part of a 
generalized amyloidosis, while in the 
second the amyloid is confined to the 
heart (primary myocardial amyloido- 
sis). In addition to these principal 
sites, small deposits of amyloid may 
be found in almost any of the other 
organs. There may be widespread 
amyloidosis of the lymph nodes. In 
one obscure case of enlarged liver with 
palpable superficial lymph nodes I 
found amyloid in an excised node 



thereby enabling a correct diagnosis 
of amyloid degeneration of the liver 
to be made. 


Fig. 10. — Amyloid degeneration of 
intestine. The villi are much enlarged 
by amyloid deposits. X 60. 


Localized Amyloid Deposits.— Amyloid may be deposited locally without 
any general amyloidosis. The instance of local myocardial deposits has just 
been cited. The lymph nodes draining an area of chronic suppuration may 
show aimilnr deposits, suggesting the direct action of toxins on the local tissues. 
Peculiar amyloid masses known as amyloid “tumors” are rare occurrences in 
relation to the nasal septum, the larynx, and the bronchi. As all of these are 
cartilaginous structures it would appear that chondroitin-sulphuric acid may 
be liberated locally and converted into amyloid material. Amyloid deposits 
may also occur at the base of the tongue. Yaige reports a case with huge tumor- 
like masses of amyloid in the muscles, in addition to involvement of the spleen, 
kidne 3 rs, gastro-intestinal tract, heart, pancreas, testes, sympathetic ganglia, 
and fat, but not the liver. 

3 
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Clinical Effects.— General amyloidosis may or may not produce 
clinical effects. The organs of Importance in this respecLare the kidtney 
an4 Jiyer. The relation of amylokLdisease xff the Udney to n^hritis 
has long been a subject of discussion. It has been maintained that 
the amyloid kidney is a form of nephrosis (Fahr), and also that it 
occurs in the course of chronic nephritis. It would seem nearer the 
truth to regard the amyloid change in the glomeruli as the primary 
lesion and file degeneration in the tubules as purely secondary. The 
kidney may be large or small, depending on how far the tubular change 
has gone before the patient died. The clinical picture may simulate 
or be identical with that of glomerulonephritis. Renal edema may 
be associated with albuminuria and casts, or there may be signs of 
renal insufficiency and nitrogenous retention, with polyuria and a urine 
of low specific gravity and little or no albumin. Vascular hyperten- 
sion would be expected on account of the widespread narrowing of 
the capillary bed in the glomeruli, but for some unknown reason this 
is seldom observed. Amyloid disease of the kidney bears no relation 
to true Bright’s disease, although it may simulate it both clinically 
and pathologically. 

In the amyloid liver there is great narrowing or even obliteration 
of the sinusoids, so that ascites might be confidently expected. As a 
matter of fact this is so rare that one recent text-book of medicine 
denies its existence, but I have seen an extreme degree of ascites which 
rapidly reaccumulated after tapping in an advanced case of amyloid 
disease of the liver, in which that organ weighed over 2500 grams. 

The watery diarrhea which sometimes accompanies amyloidosi^iL may 
be due to increased transudation through the diseased intestinal 
mucous membrane. 

The Congo red test is of great value in clinical diagnosis. Disap- 
pearance of over 60 per cent of the dye from the blood in one hour is 
found only in amyloid disease. This only applies to considerable 
deposits of amyloid, particularly in the liver. Deposits in the kidneys 
alone are not suflScient to give the typical reaction. 

HTAUNE DEGENERATION 

The changes grouped together as hyaline degeneration are in a very 
different category from fatty and amyloid degeneration. In the latter 
we are dealing with substances of a definite chemical composition, 
whereas in the former the composition varies widely in different cases. 
The term denotes a physical state rather than a chemical constitution, 
and includes many substances which are translucent or hyaline and 
stain brightly with acid dy^s §uch as fuchsin. Hyaline degeneration 
affects chiefly collagenous connective tissue and the fibrous tissue in 
the walls of bloodvessels. This may be called connective-tissue hya- 
line. Other forms can be grouped together as cellular hyaline. The 
tissue dies before becoming changed into hyaline. 



HYALINE DEGENERATION 


35 


Cqmmkvi^issm i^a2me..appears as^ homogeneous swelling of cpl- 
lagen and in the walk of vessels in arteriosclerosis. It is seen in chronic 
maJnu tritmTi and in old age, but the exact factors responsible are not 
certain. The change is well seen in arteriosclerosis. In the intima the 
newly-formed tissue undergoes a hyaline change, and a similar change 
may occur in the media. The subendothelial layer of the arterioles 
shows marked hyaline thickening in vascular hypertension. In chronic 
nephritis the renal glomerulLbecome converted into hyaline masses. 
Scar tissue undergoes a similar change. The stroma of tumors may 
show hyaline degeneration, and the same may be seen in the reticulum 
of lymph nodes draining a focus of chronic inflammation. (Fig. 11.) 



Fia. 11. — Hyaline degeneration of 
a lymph node. X 350. 



Fig 12. — Zenker’s degenera- 
tion of muscle in typho d fever. 
The affected parts of the fibers 
ha\e lost their transveise stri- 
ations and are dark and swollen. 
X 400 


111 all of these instances the fibrous tissue loses its structure, the fibers 
are swollen and homogeneous, and stain red with acid stains. The 
appearance may resemble that of amyloid, but the material does not 
give the amyloid staining reactions. 

Cellular hyaline is a heterogeneous group with no special meaning. 
Small hyaline masses are often seen in the cells of the renal tubules, 
especially in amyloid disease. The cells of the islets of Langerhans in 
the pancreas may become converted into a hyaline mass in diabetes. 
Hyaline thrombi in vessels are formed largely by fusion together of 
blood platelets which then undergo hyaline degeneration. Corpora 
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amylacea, so called because like starch they stain deeply with iodine 
{amylon, starch), are hyaline spherical masses made up of concentric 
laminse. They are seen in the normal prostate, in old infarcts of the 
l ung , in the brain and spinal cord in old age and in degenerative condi- 
tions, and occasionally in other situations. They represent masses of 
degenerative cells and sometimes merely the secretion of cells. They 
stain deeply with hematoxylin, and have nothing to do with amyloid. 
In necrosis of voluntary muscle and sometimes of cardiac muscle the 
protoplasm may become coagulated, the striations are lost, and the 
fiber is converted into a swollen homogeneous hyaline mass. (Fig. 12.) 
This condition, known as Zenker's degeneration, is best seen in the 
rectus abdominis muscle in typhoid fever, but is also seen in other 
muscles and other infections. 

MUCOID DEGENERATION 

Mucin is produced normally both by epithelial cells of mucous membranes 
and mucous glands and by certain connective-tissue cells, especially in the 
fetus. Whqn the secretion of mucin is excessive and is associated with degen- 
eration of the cells, the condition is called mucoid degeneration. 

Epithelial Mucin.— In catarrhal inflammation of the mucous membrane of 
the respiratory tract, the gastro-intestinal canal, and the uterus, there is an 
excessive secretion of mucin, the cells are distended with this substance, and 
their outlines may disappear. The cells of a cystadenoma of the ovary pro- 
duce pseudomucin in enormous amount so that a huge cyst may be formed; 
many of these cells degenerate and are cast off into the cyst. Cancer of the 
stomach, the large bowel, and more rarely the breast may produce mucin to 
such an extent that the tumor is converted into a mass of mucoid material. 
Such tumors are called colloid cancer, a bad term which should be changed 
to mucoid or gelatinous cancer. Mucin is a slimy substance which is precipi- 
tated by acetic acid; it is basophilic, i, e., stains with basic dyes, and gives a 
metachromatic reaction with toluidin blue, staining reddish-purple. Pseudo- 
mucin is not precipitated by acetic acid, and is stained by acid stains. 

Connective-tissue Mucin.— The only place where intercellular connective- 
tissue mucin normally occurs is in the umbilical cord. The cells are stellate 
with branching processes and are separated by an abundance of clear mucin. 
This mucinoid or myxomatous degeneration may occur in the stroma of 
various tumors, most notably in the myxoma. In conditions of malnutrition 
a similar change may affect the bone-marrow, adipose tissue, and cartilage. 
In myxedema, a disease due to deficiency of thyroid secretion, the connective 
tissue of the skin and elsewhere becomes swollen and gelatinous, and in the 
early stages contains mucin. Mucin may be formed in the intercellular sub- 
stance of synovial membranes and tendon sheaths; the development of this 
process is beautifully illustrated in the early stages of a ganglion of the wrist. 

Colloid degeneration is a term found in the text-books, but it is of little prac- 
tical value and would be better abandoned. The colloid of the thyroid is a 
secretion with a definite chemical composition which bears no relation to that 
of the colloid or glue-like substances occasionally found elsewhere. Colloid 
cancer, colloid casts of the kidney, etc., are undesirable terms; the name should 
be reserved for the secretion of the thyroid. 

GOUT 

Gout is an ancient and famous disease. Its cause, however, is still 
a complete mystery. There is often a strong hereditary tendency. It 
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is supposed to be a disturbance of purine metabolism. In support of 
this are the following facts: (1) Tie^uric acid of the blood is above 
normal, and for a few days before an acute attack there is marked uric 
acid retention. (2) Deposits of sodium urate are a principal feature of 
the lesions. (3) Overindulgence in purine-rich foods often precipitates 
the attacks. Beer and such red wines as port are much more dangerous 
than whisky; perhaps for this reason gout is a rare disease in Scotland. 
These facts do not constitute proof, for the blood uric acid may be 
equally high in leukemia and chronic nephritis, the deposits of urates 
are present in the joints when the patient is free from symptoms, and 
the acute attack may come on without obvious cause. The deposits 
of urates and the high blood uric acid may be merely concomitants of 
the disease, perhaps a result rather than a cause. 

Gout may occur in chronic form, or as a series of acute attacks, 
each of which begins as agonizing pain in a joint, usually at night, 
followed by fever and chills; the joint u swollen, tender, and evidently 
acutely inflamed, and the blood may show a leucocytosis of 20,000 or 
more. It must be admitted that to be unable to offer a reasonable 
ex^ariation for so dramatic a picture is unsatisfactory if not hurniliat- 
ing. 

The joints chiefly affected are those of the big toe (metatarsophalan- 
geal joint) and fingers and the knee-joint. In the superficial layers of 
the articular cartilage there are white chalky deposits of biurate of 
sodium rather like drops of paint, an appearance from which the name 
gout is derived {guUa, a drop). The sheaves of needle-shaped crystals 
are usually surrounded by an area of necrosis. It is not certain whether 
the necrosis precedes or follows the deposition of the crystals. 

Accumulations of crystals may also occur in the periarticular tissue 
where they form masses known as tophi. Around ^ese may often be 
seen foreign body giant cells. Similar deposits occur in the cartilage 
of the ear and in the eyelid. The overlying. skin may become ulcerated 
and chalky material is discharged containing the characteristic crystals. 
A useful diagnostic procedure is to prick a suspected tophus with a 
needle, and look for the crystals under the microscope. Deposits of 
crystals may occur in the pyramids of the kidney, for the most part 
within the collecting tubules but also between them, giving the pyra- 
mids a streaked appearance. 

PATHOLOGICAL PIGMENTATION 

The group of substances known as pigments have nothing in com- 
mon save that they are colored, but it is convenient to consider them 
together. They may be produc ed wi thin the body (endogenous pig- 
ments) or introduced from without (exogenous pigments). There are 
three chief groups^ of endogenous pigments: (1) melanins, (2) lipo- 
chromes, and (3) derivatives of hemoglobin. Pigment metabolism 
may betfome pathological owing either to over-production or under- 
production. 
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Melanosis.— Melanin is the coloring matter of the skin, the hair, 
the iriS; a^jl^ejphprpid coat of the It also occurs in the medulla 
and sona reticu&is of the adrenal ai^ in certain parts of the central 
n erY,ai| S_ syi^tem , In animals, pigment pla^ an important role as a 
means of^ attraction and of defensive mimicry. It possesses remark- 
able power of movement as shown by the rapid changes in color in 
the skin of a chameleon. The pigment or rather the cells containing 
the pigment can pass from the superficial to the deep layers of the skin 
and back again. Some animals produce large quantities of melanin, 
notably the cuttlefish whose ink-sac is lined by cells capable of manu- 
facturing huge quantities of the pigment. 

In man the normal amount of melanin in the skin is very small. It 
is much greater in the negro than in the white man, but even in the 
former the entire skin does not contain more than 1 gram of pigment. 
In the tumor known as the malignant melanoma as much as 300 grams 
of melanin have been removed from the liver alone, so that under 
some conditions the pigment-forming power of the body is greatly 
increased. As the result of infiammation of the skin the melanin may 
become mobilized and transported to the regional lymph nodes, where 
it is contained in phagocytic histiocytes. In one case which I studied 
the possibility of malignant melanoma had been considered. In man 
the function of melanin appears to be to serve as a protection against 
strong actinic light; hence the deepened color of the skin when exposed 
to sunlight and the intense color in the negro. It is of interest to note 
that skin cancer is very uncommon among colored races. 

The composition of melanin is still unsettled. It is a derivative of 
protein, and is stated by almost every book to contain sulphur, some- 
times in large quantity, but Brahn has shown by more exact methods 
that sulphur is usually absent. The aromatic compounds of the pro- 
tein molecule, tyrosin, phenylalanine, and tryptophane, are readily 
oxidized with the production of a dark color. It is probable that the 
chromogen groups of the protein molecule may be acted on in a similar 
manner by an oxidizing enzyme in certain cells to form the brown or 
blackish melanin. Such an oxidizing enzyme, tyrosinase, is found in 
the ink-sac of the cuttlefish, and can form melanin from tyrosin and 
other aromatic compounds. Adrenalin is also an aromatic derivative, 
and is probably formed from the same jnother substances as melanin. 
The effect of melanin on the bloodvessels of a frog is very similar to 
that of adrenalin. The actual course of events in the formation of 
melanin appears to be somewhat as follows: Owing to the action of 
autolytic enzymes the aromatic or chromogen groups are split free 
from the protein molecule; these are oxidized by the intracellular 
tyrosinase, minute quantities of iron or sulphur may be added, and 
melanin is deposited within the cytoplasm where it appears in the form 
of granules. 

The pigment is formed by cellular activity. Intercalated among the 
basal cells of the Malpighian layer of the skin are peculiar branchedv 
cells which produce an oxydase ferment capable of transforming the' 
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colorless chromogenic material in the blood into melanin, so that these 
cells may be called melanobldsts. Some of the pigment is transferred 
to connective-tissue cells in the dermis; as these cells are mere carriers 
of the pigment they are called melanophores or chromatophores (phoreo, 
I carry). The most important recent work on the chemical side is that 
of Bloch. He has shown that dihydroxyphenylalanine (shortened to 
''dopa'O reacts with an oxydase in certain cells of pigmented regions 
to produce a dark material closely related to melanin. This ''dopa” 
reaction indicates those cells which are true jnelai3l.obla^^ 
tain the ferment. In frozen sections of the skin many basal cells of 
the epidermis are found to be “dopa’ -positive, while the mesodermal 
cells are 'yopa”-negative. Melanoblasts are ^'dopa*'-positive, chro- 
matophores are ‘'dopa”-negative. '‘Dopa” appears to be closely related 
to the mother substance of melanin which is brought to the cells by 
the blood and converted into melanin by the ferment. It seems prob- 
able that this mother substance or melanogen is the same both for 
melanin and adrenalin. In Addison’s disease, due to destruction of 
both adrenals, adrenalin can no longer be formed, so that the excess 
melanogen may well be converted into melanin in the skin. Excellent 
summaries of Bloch’s work will be found in the papers by Dawson, 
Spencer, and Laidlaw. 

Under pathological conditions too much melanin may be formed or 
too little. The chief examples of too much pigmentation are the 
melanotic tumors, Addison’s disease, melanosis of the colon, and chlo- 
asma. Ochronosis is related to melanosis. The increase of melanin 
in sunburn and freckles may be regarded as physiological. Diminished 
formation of melanin is seen in albinism and leucoderma. When too 
much melanin is formed it is excreted in the urine. In Addison’s dis- 
ease and melanotic tumors the kidneys often contain much melanin 
in the epithelial cells of the loop of Ilenle and the collecting tubules. 
The pigment granules are argyrophilic and can, therefore, be demon- 
strated by silver staining. Ll^nal casts containing melanin may be 
present in the urine, a point of value in doubtful cases of Addison’s 
disease (Jacobsen) In melanotic conditions the pigment can also be 
demonstrated by silver staining in the reticulo-endothelial cells of the 
liver, spleen, and lymph nodes. 

Melanotic tumors are considered in detail in the section on Tumors, 
so that a mere outline must suffice here. The tumor may be innocent 
(mole or ntevus) or malignant (malignant melanoma or melanotic sar- 
coma). The vexed question of the origin of these tumors will not be 
entered into here. Suffice it to say that the tumors contain melano- 
blasts, and therefore arise in such pigmented areas as the skin and the 
choroid. Curiously enough, pigmented tumors are common in white 
and gray horses but quite rare in dark horses. It is said that if a white 
horse lives long enough it is almost certain to die of melanoma. The 
malignant tumors contain far the most pigment. Many of the cells 
are loaded with melanin which under the microscope appears as yellow 
or brown (not black) granules, though the tumor is black to the naked 
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eye. Large numbers of the cells are not pigmented. The tumor cells 
are rich in oxydase, as shown by the “dopa'" reaction. In the secondary 
growths the tumor cells continue to form pigment in enormous quan- 
tities. As much as 300 grams of pigment have been extracted from 
a melanotic liver. It is said that a farmer could paint his fences with 
the pigment from the melanotic tumors in a white horse. In rapidly 
growing tumors the pigment may escape into the blood (melanemia), 
and be excreted in the urine (melanuria). In rare cases there is a diffuse 
staining of the lining cells of the bloodvessels and the serous mem- 
branes. The melanin is excreted in the urine sometimes as colored 
matter, sometimes in a colorless form, having been reduced and 
decolorized probably in the liver; on exposure to the air the melanogen 
again becomes oxidized into melanin. When melanin is injected intra- 
venously it may appear in the urine either in colored or colorless form. 

Addison's disease is considered in the section on the Adrenals. Owing 
to disease of the adrenals, usually tuberculosis, the skin becomes 
deeply pigmented especially in the parts exposed to light (face and 
hands), and in regions already pigmented (areola of nipple, axilla, 
scrotum). Patches of pigment on the gums may be present and are of 
diagnostic value in the negro. The pigment is in the form of fine 
granules in the epithelial cells of the deeper layer of the epidermis, and 
coarser granules in the chromatophores in the cutis vera. The pig- 
ment appears to be identical with melanin. As the chromogen or mother 
substance appears to be the same for adrenalin as for melanin, it seems 
likely that the surplus of this substance which can no longer be used 
by the diseased adrenal is carried to the skin and converted by the 
oxydase of the inelanoblasts into melanin. The bronzing of tKe skin 
must be distinguished from that of hemochromatosis (bronzed dia- 
betes), in which the pigment is iron. 

Melanosis coli is a condition in which a black pigment, either melanin or 
closely related to melanin, is deposited in the mucous membrane of the large 
intestine and appendix. Like so many other pathological states, it was first 
described by Virchow. The extreme grades are comparatively rare, but if 
the slighter forms are included the incidence is fairly high. Stewart and 
Hickman found it in 11.2 per cent of 600 autopsies. The incidence is higher in 
those over middle age, and much higher in carcinoma of the colon. Melanosis 
of the appendix may occur apart from any pigmentation of the colon; it may 
be seen in appendices removed at operation. The coloration which varies 
from gray to inky black can be seen through the intestinal wall, and is sharply 
limited by the ileocecal valve. In advanced cases there may be metastases of 
pigment to the submucosa and the mesocolic lymph nodes. The granules of 
pigment are found within large mononuclear cells in the stroma of the mucous 
membrane; the epithelium is not affected. The condition is often associated 
with chronic intestinal stasis either from organic obstruction or simple con- 
stipation. The pigmented cells are dopa-negative, and are, therefore, melano- 
phores that have taken up pigment which has either been ingested in the food 
or synthesized in the bowel. f 

Ochronosis.— This very rare condition was given its name by Virchow 
because of the ochre color which the nose and ears may present (ochros, sallow). 
There is a blackish disoloration of the cartilages, and sometimes of connective 
tissue, sclerotics, muscles, and epithelial cells. When the cartilages are sub- 
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cutaneous (nose, ear), the color may shine through the skin. The pigment 
may be deposited in the kidneys. In the only case which I have seen, the 
pyramids of the kidneys and the choroid plexus of the lateral ventricles were a 
startling black color. The skin of this patient was a peculiar gray, as if it had 
been black-leaded. The pigment is either melanin or closely related to that 
substance. In a majority of the cases reported there has been marked alkap- 
tonuria. In a few cases there has been prolonged use of carbolic acid dressings. 
It is supposed that the pigmentation is due to the action of tyrosinase on 
aromatic protein decomposition products (tyrosin, phenylalanine, etc.), or 
phenol derivatives in the carbolic acid cases. 

Other examples of melanosis or pigmentation in which a melanin-like sub- 
stance is formed can only be mentioned. Chloasma is a condition in which 
brown patches appear in the skin of the face and elsewhere. They are seen 
in pregnancy and diseases of the uterus and ovaries, tuberculosis. Graves* 
disease, and following the application of heat (hot-water bottles). In cachexia 
the skin often shows patches of pigmentation. If such a patch be excised it 
will be found to give a marked “dopa** reaction. The body louse injects a 
fluid which produces a black spot of melanin in the deepest layers of the epi- 
dermis. An emulsion of the insect’s salivary glands has the same effect when 
injected. 

Absence of melanin is much rarer than excess of the pigment. Albinism is 
a congenital absence of melanin, which may be partial or complete. In leuco^ 
derma there are white patches of skin as the name implies, due usually to a 
process of depigmentation; a section of such a patch is negative to the “dopa” 
reaction, suggesting that the cells are lacking in the specific ferment. White 
patches of skin are found in le^irosy, due apparently to interference with the 
nerve supply. The bleaching of hair is due to a loss of melanin. The white 
winter fur of arctic animals contains no melanin. 

Lipochromes.— The colored fats form a loose group regarding which 
little is known. They are yellowish granules found in the heart muscle, 
nerve cells, seminal vesicles, adrenal cortex, corpus luteum, and inter- 
stitial cells of the testis. They have been called “wear and tear” pig- 
ments, being apparently produced from the cytoplasm in the process 
of wasting. The best example is brovm atrophy of the heart, a wasting 
of the myocardial fibers seen in old age and cachectic disease condi- 
tions, and accompanied by a great collection of brown granules in 
the muscle fibers at either pole of the nucleus. These granules, which 
are normally present in small amount, stain red with Sudan. Similar 
granules are seen in the nerve cells, especially the large cells of the 
cerebral cortex, in senile and mental conditions. Some of these pig- 
ments may belong to the group of plant pigments (carotin and xantlio- 
phyll) founrl in carrots and other vegetables, egg-yolk, etc. If a person 
cats too many carrots he may develop carotinemia, with bright yellow 
coloration of the blood serum, the palms of the hands, and the naso- 
labial folds. The condition is sometimes seen in diabetes. 

Hematogenous Pigmentation.— The red blood corpuscles are con- 
tinually being destroyed in health. In disease this process may be 
greatly increased. The destruction may be local as in a hemorrhage, 
or general as in hemolytic diseases. Hemoglobin contains iron, but 
does not give an iron reaction with the ordinary tests. When it is 
broken down two moieties are found: the one, hematoidin, is iron- 
free, while the other, hemosiderin, contains iron and gives the iron 
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reaction. The iron-free portion is converted into bilirubin, and ex- 
creted in the bile, but the iron of the hemosiderin is too valuable to be 
lost and is retained within the body to be built up again into hemo- 
globin. 

//ma/oidiw.—Hematoidin may assume the form of brown rhombic 
crystals or of amorphous granules seen in the neighborhood of any old 
hemorrhage. The granules are usually extracellular, but may also be 
found within phagocytic cells. Hematoidin is identical with bilirubin, 
and is excret^ as such in the bile. In conditions of increased hern- 
ol^Tsis there is therefore an increased formation of bilirubin; this may 
accumulate in the blood and stain the tissues yellow, giving rise to 
that form of jaundice known as hemolytic jaundice. When the van den 
Bergh test for bilirubin is applied to local and not too recent extra- 
vasations of blood, a positive reaction is obtained. It is only when the 
hemorrhage is large and absorption is imperfect that the pigment is 
deposited in solid form. In small hemorrhages the pigments are soluble 
and stain the surrounding tissue with the familiar color of a bruise. 

/fmoaiderin.— Hemosiderin, the iron-containing pigment, gives the 
Prussian blue reaction for iron with potassium ferrocyanide and hydro- 
chloric acid. This test may be applied either to microscopic sections 
or to the gross specimen. The pigment takes the form of fine yellow- 
ish-brown crystals which are usually contained within cells. Hemo- 
siderin, therefore, is chiefly intracellular, hematoidin chiefly extra- 
cellular. The hemosiderin may be formed as the result of hemorrhage 
or of general hemolysis. In the former the hemosiderosis is local, in 
the latter it is widespread. ^Phe reticulo-endothelial system is intimately 
connected with hemosiderosis in three different ways : (1 ) The pigment- 
filled cells which surround an old hemorrhage are histiocytes belonging 
to this group. (2) Certain hemolytic diseases, e. g., hemolytic jaundice, 
are dependent on the activity of the reticulo-endothelial system; the 
hemolysis is followed by the deposition of hemosiderin. (3) General 
hemolysis may be due to some extraneous source such as snake venom, 
but again hemosiderin is found within the reticulo-endothelial cells. 

Hemolysis from whatever cause is therefore likely to be followed by 
hemosiderosis. The pigment is not only found in the reticulo-endothe- 
lial cells, but also in the epithelial cells of the liver and kidney. A 
marked Prussian blue reaction is obtained in those cells in pernicious 
anemia. Hemolysis is always accompanied by an increased formation 
of bilirubin. When this is marked it can readily be detected in the 
blood, it stains the tissues, but does not escape in the urine. In the 
curious condition of paroxysmal hemoglobinuria there is marked hemo- 
siderosis of the liver and the cells of the convoluted tubules of the 
kidney as the result of the increased destruction of blood. 

There may be an increase in the iron content of certain tissues, and 
yet the iron may not be demonstrable by ordinary histological methods. 
This invisible iron can now be demonstrated microscopically (Popoff). 
It is readily detached from the erythrocytes, and is rapidly taken up 
by mesenchymal and epithelial cells. Siderosis due to this cause is 
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Liver Showing Hemochromatosis. 

Pnisaiaii-bluo reaction for iron. The hemosiderin granules are present mainly in the liver 
cells and to a lesser degree in the Kupffcr cells. 
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seen in hemolytic and other conditions, but it is especially striking in 
congestive heart failure, in which practically all the septal cells of the 
lung may be seen to be loaded with iron granules instead of a mere 
sprinkling of phagocytes containing hemosiderin. 

M alarial Pigmentation.— The malaria parasite within th^ jped blood cells 
forms a. dark brown pigment which is liberated with the destruction of the 
red cells and deposited in large quantities in the spleen and liver. This pig- 
ment does not give the Prussian blue reaction and at one time it was believed 
to be melanin, but it contains iron. Hemosiderin may also be deposited in 
addition to the malarial pigment. 

Hemochromatosis. — This rare disease, also called hvonzed diabetes, is a dis- 
qr^-^iron metaholisni, but its exact nature is still a mystery. The normal 
amount of iron in the body is only 2.5 grams, but in this disease the liver alone 
may contain 30 grams or more. (Plate II.) The pancreas also contains large 
amounts of iron. Smaller quantities are found in the kidneys, adrenals, spleen, 
heart and voluntary muscles, thyroid, skin, and lymph nodes in the upper 
abdomen. The organs containing the pigment have a brown color (hence the 
name of the disease), and the skin is bronzed (bronzed diabetes); much of the 
pigment in the skin appears to be melanin. The affected organs give a vivid 
Prussian blue reaction. 

One of the great problems is the source of the iron pigment. The name 
of the disease suggests that the iron is derived from the blood, and the experi- 
mental work of Mallory on experimental chronic copper poisoning was believed 
to indicate that as the result of slow hemolysis iron was carried from the blood 
to the liver by copper and stored there. It should be noted that anemia is 
not present, as might be expected if there was continued blood destruction. 
It is true that pigment cirrhosis of the liver can be produced in rabbits by 
long-continued administration of copper (Mallory and others), but pigment 
cirrhosis is not the same thing as the generalized disease hemochromatosis. 
The more probable explanation is that there is some fundamental defect in 
iron metabolism. Sheldon, whose splendid monograph should be consulted, 
is of the opinion that this defect is inborn and inherited. The work of Gilhnan 
and Gillman, on the other hand, indicates that at least in some cases the dis- 
turbance may be nutritional in origin. These workers, in an investigation of 
the deficiency disease pellagra in South African negroes by means of repeated 
liver puncture, were able to demonstrate a series of changes in the liver cells 
beginning with fatty degeneration and ending with massive accumulations of 
iron identical with those seen in hemochromatosis. They believe that in their 
clinical material one of the commonest sequels of pellagra is hemochromatosis. 
The iron appeared to develop in or from the mitochondria of the liver cells. 
The condition should be called cytosiderosis rather than hemochromatosis. In 
addition to the iron pigment there is another pigment known as hemofuscin 
which does not give the iron reaction with Perlcs’ stain. Gillman and Gillman 
believe this to be lipoidal in character, and suggest the preferable name cyto- 
lipochrome. It also appears to be derived from breakdown of the mitochondria. 

The liver cells slowly undergo necrosis, and marked cirrhosis may develop, 
which constitutes one of the most strious features of the disease. In the pan- 
creas destruction of the islets of Langerhans as well as of the acinar tissue takes 
place, and glycosuria develops (bronzed diabetes). 

Siderosis of the Globus PaJlidus.— The globus pallidus of the lenticular 
nucleus usually gives a marked iron reaction, due to the presence of iron in 
the walls of the vessels in this region of the brain. The condition has been 
mistaken by many workers (including the writer) for calcification owing to 
the dark blue staining with hematoxylin. (Fig. 13.) The walls of the vessels 
are infiltrated with iron salts which appear to be derived from the nucleus 
itself. The iron is seemingly not hematogenous in origin, and there is no 
increase in conditions of undue hemolysis. Hadfield considers that pallidal 
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aderosM is the expression of a dow involutionary atrophy affecting the lenticu- 
nucleus m at least 60 per cent of persons over the age of thirty years. I 
have dracnbra the condition as being characteristic of chronic epidemic 
encephalitis^ but this apparently was a mistake. It appears to predispose to 
the acute bilateral necrosis of the lenticular nuclei which is so often seen in 
carbon monoxide poisoning. 

BiUary Pigmentation. -The subject of jaundice is considered in detail 
in the section on the liver. The pigments of the bile are formed from 
the blood. When red blood cells are broken down either in health or 

as the result of disease hematoidin is 
formed which is identical with bilirubin. 
The bilirubin is formed not by the epi- 
thelial cells of the liver, but by the 
reticulo-endothelial cells in the liver 
(Kupffer cells) ^ and throughout the body. 
The hepatic cells merely excrete the pig- 
ment, passing it from the blood into the 
bile ducts. If bilirubin accumulates in 
the blood the tissues become stained. The 
skin and whites of the eyes appear yellow, 
and the patient is said to be jaundiced. 
It is evident that bilirubin may accumu- 
late in the blood for two reasons: (1) It 
may not be excreted owing either to an 
obstruction in the course of the bile pass- 
Fig. i3.-lron in vessel wall in or to sickness On the part of the 

lenticular nucleus. X 150. liver cells ; (2) it may be produced in ex- 
cessive amount owing to undue hemolysis. 
The former is called obstructive jaundice, the latter hemolytic 
jaundice. 

For a few days after birth the bilirubin of the blood is always above 
normal, and definite jaundice may develop. This is known as icterm 
neojidtorum, and the bilirubin is hemolytic in type. The new-born 
child has a polycythemia, because the fetus lives in a constant condi- 
tion of oxygen want and therefore needs a greater number of red 
blood cells to carry the oxygen to the tissues. After birth many of 
these cells are no longer needed and are broken down with the forma- 
tion of bilirubin. The pigment may be deposited in the form of needle- 
like or rhombic crystals of hematoidin in the pyramids both in the 
collecting tubules and the interstitial tissue; these masses of pigment 
are called bilirubin infarcts. 

Exogenous Pigmentation.— Pigments may be introduced from with- 
out and be deposited in the body. This introduction may occur 
through the respiratory tract, the alimentary canal, and the skin. 

Throu^ the respiratory tract dusts may be inhaled and deposited 
in the liings, where they cause varying degrees of chronic irritation, a 
condition known as pneumokoniosis. Of these dusts the only two of 
importance are silica (in gold-miners and stone-masons) causing sili- 
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cosis, and coal dust (in coal-miners) causing anthracosis. These dis- 
eases are considered in the section on the Lungs. 

Alimentary canal pigmentation is of much less importance. The two most 
important examples are silver and lead. Long-continued administration of 
silver salts may give rise to a condition of argyria. The silver is deposited 
as an insoluble albuminate in the form of fine granules. The skin and con- 
junctiva may assume an ashen-gray color, and there is pigmentation of the 
internal organs. The pigment causes no disturbance, but the importance of 
the condition lies in the fact that the coloration of the skin is perro^nent^o 
that the face has an ashen appearance for the rest of the patient’s life. The 
pi^ent is not intracellular, but seems to lie in the cement substance. In the 
skin it is found in the corium just under the epithelium and around the sweat 
and sebaceous glands. In the kidney it is chiefly in the glomeruli and outside 
the epithelium of the tubules. In other organs the distribution is similar. 

Lead poisoning or plumbism is considered in the section on the Action of 
Poisons. Pigmentation of the gums is a common sign. The lead is absorbed 
from the alimentary canal or may pass through the skin. It circulates in the 
form of a soluble salt, and when this comes in contact with hydrogen sulphide 
formed from decomposing food around diseased teeth, lead sulphide is formed 
and deposited in the gum where it gives a characteristic *‘blue line.” 

Pigment is introduced through the skin in the process of tattooing. It is 
taken up by histiocytes and is lodged permanently in the connective-tissue 
spaces. None is found in the epithelium. Some of the pigment is carried by 
phagocytes to the lymph nodes where it is deposited. 

DISORDERS OF CALCIUM METABOUSM. CALCIFICATION 

The occurrence of pathological calcification, the deposition of cal- 
cium salts in tissues other than bone, has been known for centuries, 
but during the last few years a flood of light has been thrown on 
general disturbances of calcium metabolism and on a number of dis- 
eases in particular. Calcium is one of the elements which is essential 
to life. The average blood calcium in health is 10 nig, oey |QQ cc> of 
blood and remains remarkably constant. Salts of calcium are deposited 
in the tissues: (1) In the normal process known as j^e ossification of 
bone; (2) in the pathological process known as calcification. The com- 
position of the calcareous deposits in both processes is extraordinarily 
similar, there being about 9 parts of calcium phosphate to 1 part of 
calcium carbonate. In ossification the salts are deposited diffusely in 
specially prepared osteoid tissue which has a definite architecture and 
Uie cells of which exercise a controlling influence on the process so 
that they are called osteoblasts. In calcification the same salts are 
deposited as clumps of granules in tissue which is either dying or dead 
and from which all cells have disappeared. In both the proportion of 
carbonate to phosphate is so constant that it would appear as if a cal- 
cium carbonate-phosphate complex is first formed from which the 
individual salts are precipitated. 

In thinking of the skeleton we are too apt to think of it in terms 
of the dead body as something fixed and immutable. This is a pro- 
found mistake. Not only are the bones the rigid framework of the 
body, they are also a great rese^oir of qalcium and, phosphate, which 
may be drawn upon and depleted in accordance with the needs of 
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the body. During pregnancy the bones of the fetus have to be built 
up and the calciiun needed is taken from the bones of the mother 
as well as from the food. During lactation there is a continued loss 
of calcium from the body, and if a cow be kept on a calcium-low diet 
the deficit is made up from the bones. In such diseases as osteomalacia 
in which there is marked decalcification^of ^e_skeleton &ere may be 
clepQsUsu..of lime in other tissues, a condition known as meiasiatic 
calcification. The minerals of bone are thus in a constant state of flux. 

There are two great regulators of calcium metabolism. These are 
vitamin D_and the parathyroid secretion. Whether these work inde- 
pendently or in what way they are related we do not . know. The 
action of vitamin D and its relation to cholesterol, ergosterol, and 
ultra-violet light wilTblTdiscussed in the section on Vitamins. Suffice 
iJLlS!jay.!bere,tliat this yitamin serves to regulate the exchange of 
c^[cimii_bqtw^n the . bones and the blood. When it is deficient in 
the diet of young children or when the food is lacking in lime the bones 
develop the changes characteristic of rickets. The parathyroid glands, 
as Collip has shown, also exert an all-important influence on calcium 
exchanges. Injection of an extract of the gland causes a marked rise 
in the blood calcium, this rise taking place at the expense of the cal- 
cium in the bones, another illustration of the fact that the minerals 
of bone are not in a static condition but in a state of flux. If the 
extract is continued until the blood calcium has reached twice its 
normal level, the animal will develop hematuria and melena, and will 
die in a state of coma. Removal of the parathyroids is followed by a 
great drop in the blood calcium and the development of tetany. 

Several diseases are associated with a disturbance in calcium metab- 
olism, mostly in the nature of a hypocalcemia. Rickets and osteo- 
malacia will be discussed in relation to diseases of bone, and so need 
only be mentioned here. In rickets there is a serious disturbance of 
the normal process of ossification in the growing bones of children, 
accompanied by other disturbances and dependent on a deficiency of 
calcium or phosphate or vitamin D in the diet. It can be cured by 
the administration of vitamin D in tlie form of cod-liver oil or by ultra- 
violet light, the action of which on the ergosterol of the skin serves 
to convert it into vitamin D. Osteomalacia is a disease of adults 
characterized by marked decalcification and softening of the skeleton 
followed by the development of bone deformities. This also appears 
to be a deficiency disease, and may be regarded as an adult form of 
rickets. The parathyroids may be enlarged, but this appears to be a 
compensatory hyperplasia and not the cause of the osteomalacia as 
is believed by many. Tumors of the, parathyroids., may cause marked 
decalcification of the bones, a condition known as qsUitis.fiirosa cystica. 
The effect of the^ parathyroid turifdrV fs very remarkable. The blood 
is flooded with calcium, but much of it is excreted in the urine. The 
calcium removed from the bones may be deposited in the kidney ^ 
form renal calculi or in the walls of the artj^ries. A curious feature is 
the development of tumor-like swellings in connection with the bones. 
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g iving the microscopic picture of giant cell tumor of bone. These 
matters are discussed in detail in Chapter XXXII. is a 

manifestation of calcium deficiency characterized by a hyperScitability 
o^thejieryeijgiu^sql^^ An excess of calciuni ions or of hydrogen 

ions tends to depress this system, whUe^a deficiency in these ions 
leads to h^yperexcitability . Tetany may be induced by anything which 
Towe^^duly the blood calcium, by paratliyroid deficiency, rickets, 
o ^r-yen tiWipn of the lungs (with undue loss of carbon dioxide), 
stenosis (mth undone loss of hydrochloric acid by continubusr 
vdmTEihg), or by feeding large amounts of sodium bicarbonate— in a 
wo rd , by a nything which leadsjto a low blood calcium.or tissiLje^lkalcisis. 
'ITie^presence'df calcium Is "necessary for the clottinVof blood. For 
long it was believed that the failure of the blood to clot in jaundice 
was due to removal of calcium by bile salts, but it is now known to be 
duetto absence of yitainin K. 

Caicificatl^ calcification may occur as the result of 

the bipod being fioodecl with calcium. This may be induced by 
repeated injections of parathyroid extract, or it may occur in such 
decalcifying diseases as osteomalacia, general carcinomatosis of bone, 
and multiple myeloma. The calcium is removed from the bones and 
deposited in other tissues. This variety is theref()re known as vieta- 
static calcification. The lime is deposited chiefly in the lungs, kidneys, 
and the mucous membrane of the stomach, probably in the living cells. 
The reason for the deposition is the hypercalcemia, not any degenera- 
tion on the part of the tissues involved. Enormous single doses of 
irradiated ergosterol (vitamin D) will produce massive calcification in 
the aorta, coronary arteries and heart muscle of the rat in forty-eight 
hours (Ham). At the end of twenty-four hours there is no indication 
in the tissues that a catastrophe is imminent, so that the chief factor 
in this case seems to be the inability of the serum to retain the calciuni 
salts rather than degeneration on the part of the tissues. 

It is much more common for the calcium to be laid down in dying 
or dead tissue without any reference to the blood calcium. Both 
phosphate and carbonate .are deposited in practically the same propor- 
tion as is found in bone. The salts are soluble in weak acids, bubbles 
of carbon dioxide being given oft* owing to the presence of carbonates. 
The lime is stained blue with heinatoxj lin and black with silver nitrate. 
The nicchanism by which the calcification occurs has long been a 
matter of dispute. According to Klotz there is first fatty degeneration; 
the fat is hydrolyzed with the liberation of a fatty acid; the calcium 
unites with the fatty acid to form a calcium soap; the fatty acid is 
then replaced by the carbonic acid and phosphoric acid in the blood, 
and the final result is calcium carbonate and calcium phosphate. Wells 
fails to find any evidence of the formation of a soap, and regards the 
process as a physical rather than a chemical one, the calcium and 
phosphate being adsorbed by the degenerated tissue. He found that 
pieces of sterilized cartilage placed in the peritoneal cavity of a rabbit 
soon became calcified, having taken up the lime from the fluid in which 
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they were bathed. It is probable that there is truth in both views. 
The areas of fat necrosis which result from acute pancreatitis may 
show striking calcification, and the same change may occur in a de- 
generating lipoma. In these cases it seems likely that Klotz’s view is 
correct. There is, however, a tendency for any dying or dead tissue 
surrounded by living tissue and accessible to the body fiuids to become 
calcified. In such necrotic areas circulation is absent, but a slow 
diffusion takes place from the surrounding blood and lymph. The 
dying tissue undergoes a hyaline change, and it is this hyaline material 
in which the carbon dioxide tension is probably low owing to tissue 
inactivity that becomes the seat of calcification. Necrosis and hyaline 
changes are the two chief antecedents of calcification. The physical 
rather than the chemical structure, as Wells remarks, seems to deter- 
mine the deposition of the calcium. 

Endless examples of calcification could be given, but a few will 
suffice. Caseous tuberculous areas, especially in the lungs and lymph 
nodes, frequently become calcified. The change usually indicates that 
the infection has died out and healing has occurred. In one form of 
arteriosclerosis (atheroma) the intima of the vessel develops calcareous 
patches (here preceded by fatty changes), in another form the media 
of the arteries to the limbs is affected. Valves of the heart which have 
been injured by previous infiainmation are often calcified. Lime salts 
are often deposited in an old abscess in which the pus has become 
inspissated. A long-standing empyema or pericarditis may undergo 
the same change, so that calcareous patches are formed over the lung 
or the heart. A thnmbus in a vessel may be calcified; such stony 
nodules, known as phleboliths, are often detected in the pelvic veins 
in roentgen-ray films. Degenerating tumors, especially fibroid tumors 
of the uterus, may become converted into masses of stone. In old 
age the cartilages of the ribs and the trachea are often calcified. A 
fetus which escapes into the abdominal cavity from a tubal pregnancy 
may become a Mtbgpedwm, a calcified fetus. A coating of lime may 
be formed over animal parasites in the tissues, particularly Trichina 
spiralis and echinococcus cysts. Dead ganglion cells in the brain may 
become encrusted with lime, so that a perfect cast of each cell may 
be formed. A peculiar example which deserves special mention is the 
calcification of the convoluted tubules of the kidney which rapidly 
develops after corrosive sublimate poisoning; here the calcium is 
deposited in the necrotic cells. It may be noted that even brief 
obstruction of the renal artery in the rabbit is followed by extensive 
calcification of the kidney. 


NECROSIS 

By necrosis is meant the local death of cells. Now although death 
may be regarded as the final degeneration, a cell which has been 
suddenly killed shows no sign of degeneration. It looks exactly like a 
normal one. This after all is natural, for the fixed cells of microscopic 
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sections have all been killed. The cellular changes characteristic of 
necrosis are changes which the cell undergoes after it has died while 
still remaining in the body. These changes are very similar to those 
undergone by living cells when they are removed from the body 
and allowed to die, being due to the same cause, namely, the action of 
enzymes. It is evident that necrotic changes may easily be confused 
with those of postmortem degeneration, and the distinction is some- 
times hard to make. The term necrobiosis is used to indicate the 
gradual degeneration and death of a cell, but it appears to be somewhat 
superfluous. 

Causes. — 1. Loss of Blood Swpp/j/.— When the supply of oxygen and 
food is cut off, the cells of the part rapidly undergo necrosis. This is 
well seen in an infarct caused by blockage of a vessel by a bl(3od clot. 
Even though the cutting-off of the blood is only transient, the cells 
may be killed. The time necessary varies with the tissue; the secreting 
cells of the kidney may be killed while the connective tissue survives. 
Thrombosis of the vessels to a part is followed by necrosis unless a 
collateral circulation can be quickly established. 

2. Bacterial Toxins. ~ The action of toxins is the commonest cause of 
necrosis. The reader can supply examples for himself. As the toxins 
act on the vessels of the part and are apt to produce thrombosis, it is 
evident that the first two causes are often combined. Much depends 
on the concentration of the toxin; if the toxin is weak inflammation 
is produced, if strong the result is necrosis. 

3. Physical and Chemical Agents.— The various physical and chemi- 
cal irritants which may produce inflammation may also lead to necrosis. 
Heat is much more injurious than cold. Heat above 45° C. will kill 
cells, whereas freezing may leave them unaffected. The death of tis- 
sue following frostbite is due to injury to the vessels and thrombosis 
rather than to any direct action on the cells. Electricity, roentgen- 
rays, and radium rapidly cause cell death if in sufficient concentration. 
Caustics and other poisons, trauma, and continued pressure may 
produce the same result. 

Structural Changes.— Necrosis can be recognized by changes in the 
cell body and in the nucleus. The cellular changes are swelling of the 
cytoplasm which becomes homogeneous and loses its normal reticulated 
appearance. There is loss of the normal sharp contour and obliteration 
of the cell boundaries. Muscle fibers lose their striations and become 
swollen and homogeneous. Zenker s degeneration, which is best seen 
in the rectus abdominis and diaphragm in typhoid fever, is an example 
of necrosis with hyaline change. The nuclear changes are even more 
striking, and should be looked for in determining the presence of 
necrosis. There are three possible changes. (Figs. 14 to 16.) (1) 

ChromalQb^si^ or karyolysis, in which the nuclear chromatin appears 
to be dissolved and the nucleus gradually fades from sight. This is 
the commonest change. (2) JijjLtyorrhexis, in which the nucleus is 
broken up into a number of small fragments, well seen at the edge 
of an infarct. (3) Pyknosis, in which the nuclear material is con- 
4 
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4ensed^ into a small deeply-staining mass. The student must leam to 
recognize necrosis under the microscope, because he will encounter 
tissue death in most diseases and in every organ of the body. 

The gross appearance also varies, there being two main types known 
as coagulation necrosis and liquefaction or colliquative necrosis. 



VIG. 14 Fig 15 licr, 16 

Figs. 14 to 16.- Foims of nueleai degeneration in the tubules of the kidney. 


Fig. 
Fig. 
Fig 
X 500. 


14. Chi omatolysih. Tlie nuclei of the upper tubule have discippeaied. 

15. — Kaiyoiihexis. The nuclei aie broken up into small fiagnients. 

10- — Pyknosis. The nuclear miteiial is collected into small compact masses. 


Coagulation Coagulation necrosis is the common form, 

and is characteristically seen in infarcts of the kidney or spleen. The 
part becomes dry, homogeneous^ and opaque. There is coagulation 
of the cytoplasm by intracellular enzymes. Perhaps some of the sur- 
rounding lymph may be absorbed and coagulated in the same way. 
The process is similar to coagulation of the blood. Architectural out- 
lines (glomeruli, tubules) may be preserved though all cellular detail 
is lost. The coagulated material may remain unchanged for long 
periods of time, but at the margin of the infarcted area there is a 
gradual process of absorption owing to the action of proteolytic en- 
zymes in the leucocytes brought by the circulating blood. In course 
of time calcification may occur. 

Liquefaction iVccrom.— Liquefaction necrosis occurs in the central 
nerv^ous system. The necrotic area becomes softened and liquefied, 
and the fluid material is absorbed leaving a cyst-like space. The 
change is probably in some way dependent on the high lipoid content 
of the nervous tissue. 

Caseation. —Caseation is a form of necrosis in which all details of 
structure are wiped out, with the production of a dry, cheesy, granular 
material, completely amorphous. In ordinary necrosis, on the other 
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hand, though the cells are destroyed the ^J^onxa^is .spared, so that the 
architecture is preserved. Caseation is the characteristic necrotic 
change of tuberculosis and syphilis. Tuberculoua caseous tiasup ia not 
chemotactic, so that it attracts no leucocytes; the material therefore 
remains unchanged owing to Ae absence of leucocytic ferments. If 
secondary infection occurs there is invasion of leucocytes and softening 
may rapidly follow. Caseous material has a high fat content, and 
calcification is a frequent sequel. 

Autolysis.— Autolysis plays an important part in producing the 

E icture of necrosis. Take two pieces of fresh tissue, heat one for an 
our at 55° C. or boil it for a few minutes, then insert both pieces in 
the abdominal cavity of an animal. The fate of the two pieces will 
be very different. The heated piece in which the enzymes have been 
destroyed will undergo little change, the nuclei staining well after a 
lapse of months. The unheated piece will pass through tlie usual 
changes chara(‘teristic of necrosis owing to the autolytic action of its 
enzymes. If the two pieces are placed in normal saline and incubated, 
the heated piece will show no change, but the cells of the iinheated 
piece will undergo enormous swelling due to the enzyme breaking 
down the large molecules into a greater number of small molecules 
with increase of the osmotic pressure and imbibition of fluid. For this 
reason dead cells floating in a fluid medium become very swollen. 
Autolysis proceeds much more quickly outside the body than in 
necrotic areas such as infarcts, because the plasma contains substances 
which inhibit the action of the enzymes. 

Fat Necrosis.— When the pancreatic secretion is liberated in the 
abdomen owing to inflammation (acute pancreatitis) or injury to the 
pancreas, the fat-splitting ferment, lipase, acts upon the fat on the 
surface of the pancreas and in the omentum with the production of 
small opaque white areas of fat necrosis. The fat is split into glycerin 
and a ffitty acid. The former is absorbed, while the latter remains in 
the cells as acicular crystals. The necrotic fat cells are easily recog- 
nized, because the material which they contain is much less soluble 
than normal fat, and is therefore not dissolved aw\ay in paraffin sections, 
giving the cells a (‘loudy appearance. (Fig. 17.) The patches may be 
rapidly removed; in experimentjil fat necrosis they have disappeared 
in eleven days, ("alcium may unite with the fatty acid to form a 
calcium soap, and lime salts may be deposited in the patches of necrosis 
rendering them permanent. Recent patches are surrounded by a zone 
of leucocytes. Owing to postmortem changes in the pancreas lipase 
may be liberated after death and produce fat necrosis. These post- 
mortem patches can be distinguished from those produced during life 
as the result of disease by the jibsepge of tlie zone of leucocytes. 

Traumatic fat necrosis is quite a different matter. As a result of 
injury the fat cells of subcutaneous tissue may be injured, and an 
area of induration partly necrotic, partly inflammatory in character, 
is produced. The fat cells resemble those in the opaque patches of 
pancreatic fat necrosis, containing insoluble material in paraffin sec- 
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tions. A well-marked inflammatory reaction is seen around and 
within the aflected area; forcign body giant cells often form a striking 
feature so that the Tesion may be Qiisti^en for tuberculosis, or syphilis. 
The breast is the most common site. 



Fia. 17.— Fat necrons. The necrotic fat cells have a cloudy appearance. X 400. 


GANGRENE 

Gangrene is death of a part with putrefaction superadded. This 
definition does not cover so-called dry gangrene, but that condition is 
not a true gangrene, but rather an ischemic necrosis (infarction) of 
an exposed part in which simple mummification of the tissues occurs 
due to evaporation of water. A minor degree of infection by putrefying 
bacteria may or may not be present. 

Dry Gangrene.— Dry gangrene is seen in typical form when the 
arteries to the foot are closed off in old age as the result of arterioscler- 
osis. The part is cold and pulseless, there is no collateral circulation, 
and with or without a slight injury gangrene begins in one of the toes, 
as these are farthest from the blood supply. The part contains so 
little blood that invading bacteria grow with difficulty in the dead 
tissue, and the spread of Sie gangrene is slow. The part becomes dry, 
shrivelled and dark like the foot of a mummy. Hemolysis of the red 
blood cells liberates the hemoglobin, which is acted on by the hydrogen 
disulphide produced by the bacteria with the formation of black 
sulphide of iron so that the tissues are stained black. The gangrene 
extends slowly upward until it reaches a point w'here the circulation 
is sufficient to keep the part alive. At this level a line of separation 





GANGRENE 


53 


is formed between the living and dead tissue. The line consists of 
inflammatory granulation tissue, which erodes the dead tissue and 
finally brings about complete separation. The, microscopic picture is 
one of complete necrosis, but in addition there is usually a blurring 
and smudging of outline, a disintegration and breaking-up of tissue 
beyond what is seen in simple necrosis. 

Moist Gangrene.— Moist gangrene is the same process in a part 
containing fluid, but the effect on the patient is very different. Gan- 
grene of internal organs (lung, bowel, etc.) is always of the moisit 
variety. It rapidly develops when the venous as well as the arterial 
flow is blocked and the part becomes filled with blood. This is seen 
in the limbs (injury to a main artery and vein) as well as in the viscera 
(strangulated hernia). It may also develop in naturally moist external 
regions (vulva). Owing to the abundant moisture there is rapid growth 
of putrefactive bacteria which break down the dead tissue with the 
formation of foul-smelling nitrogenous end-products such as indol and 
skatol. The organisms cause liquefaction of the tissues and some- 
times gas formation, so that blebs of fluid form under the skin and 
bubbles of gas give an emphysematous crackling when the part is 
palpated. Sulphide of iron is formed from the decomposed hemo- 
globin as in dry gangrene, and the parts are stained dark blue, green* 
and black. The local spread of the condition is very rapid and there 
is, no attenj^pt to,, form a. line of demarcation. The most serious feature 
is the great absorption of toxic products which cause profound toxemia 
and finally death. In dry gangrene little or no absorption takes place. 

Causes.— The two great factors are loss of blood supply and bacterial 
infection; often these two are combined. Senile gangrene occurs in old 
people with arteries narrowed by arteriosclerosis, but thrombosis is 
often responsible for the final occlusion. The gangrene begins in the 
foot, commonly in the big toe, and is naturally of the dry variety. 
Diabetic gangrene is very similar in type, though occurring in.yiamger 
p eira pns. Here again the arteries are narrowed, but in addition the 
sugar in the tis.^ues favors bacterial growth. Thromboangiitis obliterans 
is often complicated by dry gangrene, usually in the lower limb but 
occasionally in the upper limb. The spasmodic narrowing of the 
arterioles in Raynavd's disease and in chronic ergot poisoning may lead 
to dry gangrene of the extremities. Sudden occlusion of an artery by 
embolism or thrombosis may result in gangrene, but only if the collateral 
circulation is insufficient for the needs of the part. In a limb with 
healthy vessels there is no danger of gangrene, but embolism of the 
superior mesenteric artery is certain to be followed by moist gangrene. 

max be complicated by gangrene, especially when the 
vessels beepme thrombosed. Gangrene of an inflamed appendix is a 
good example. Frostbite may cause gangrene of such extremities as the 
fingers, toes, nose and ears. Necrosis is first produced by thrortibosis 
in the vessels, and infection is suj^radded. Bed-sores are an example 
of gangrene due to pressure which occludes the vessels leading to 
necrosis in a previously devitalized part. Escharotics (strong acids 
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and alkalis) kill the tissues by direct action. Acids produce dry 
gangrene as they coagulate the fluids in the tissues; alkalis produce 
moist gangrene as they cause liquefaction of the tissue. Carbolic 
add applications to a finger may be followed by death and gangrene 
in the course of a few hours. 

Ga^ gangrene merits separate consideration. It is one of the most 
important complications of war wounds, and is occasionally seen after 
wounds in civil life and following surgical operations. The tissue_is_ 
killed by trauma or the action of pathogenic hacteria- The dead tissue 
is then decomposed by saprophytic anaerobic bacilli with the forma- 
tion of foul-smelling gas and fluiil. The chief of these anaerobes are: 
(1) Bacillus welchii (Bacillus aerogenes capsulatus), (2) Vibrion sep- 
tique (probably identical with the bacillus of malignant edema), and 
(3) Bacillus oedematiens. The gangrene, which is of the moist variety, 
affects principally the muscles. Gas can be pressed up and down the 
fibers, and softening and liquefaction soon follow. Microscopically the 
sarcplemma is seen to be separated from the fiber by a space filled 
with .tpxic,,fluid, so that the fiber loses its blood supply and quickly 
dies. As this fluid passes up and down the entire length of the fibers, 
the spread of the condition is very rapid. 

POSTMORTEM CHANGES 

The changes which the body undergoes after death are of great 
importance. Without a knowledge of these it is possible to make 
grave errors in performing an autopsy by mistaking the results of these 
changes for the lesions of disease produced during life. They are 
also of great importance in medico-legal work in determining how long 
a body has been dead. The changes unfortunately depend on a 
number of variable factors, of which the most important are the 
tficop^JiTature of the air, the temperature of the body at the time of 
death, and the presence of widespread bacterial infection. In spite of 
what one reads in detective stories it is seldom possible to fix the hour 
of death with any exactness. The two principal changes are rigor 
mortis and po^tmPltem. decomposition. 

Rigor Mortis.— After death there is a stiffening of the muscles, a 
condition of rigor. It begins in the muscles of the fa(?e and passes 
downward until the legs are involved. It passes off in the same order. 
The time of onset as a rule is from one to six hours, and the rigor 
passes off in from one to two days. These times and the order in 
which the muscles are involved are of evident importance in medico- 
legal cases, but the times vary greatly. In persons dying in the midst 
of severe muscular exertion rigor mortis comes on so quickly that the 
body may become stiff almost at once. This sudden rigor is seen in 
soldiers killed in battle and in animals killed during the chase, and is 
due to the large amount of lactic mid . in In strychnine 
poisoning and in tetanus the stiffening is also sudden and very marked. 
On the other hand it is delayed, slight or absent in wasting diseases, 
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cachexia, starvation, etc. Rigor mortis is merely a coagulation of the 
muscle proteins to form myosin or muscle clot, and may be compared 
with coagulation necrosis. Its subsequent disappearance is due to the 
softening of the clot by autolytic enzymes. The muscle clot can be 
broken down by force so that the limb can be freely moved. Once the 
rigor is destroyed it does not return. 

Postmortem Decomposition.— Decomposition of the body causes 
two main changes: (1) discoloration, and (2) softening. Discolora- 
tion is due to blood pigments and their derivatives. The red blocxl 
cells are hemolyzed after death, and the hemoglobin stains the vessel 
w’^alls and the surrounding tissues. This is most marked in septicemia 
due to hemolytic bacteria, but in these cases some of the pink staining 
of the lining of the large vessels 
may have been antemortem. With 
the onset of putrefaction sulphu- 
retted hydrogen is formed in the 
intestinal canal and combines with 
the iron of the breaking-down 
hemoglobin to form black sulphide 
of iron wdiich stains the tissues 
green and black. The color is first 
seen in the skin of the abdominal 
wall and on the surface of the ab- 
dominal organs. 

Po,stmortem svftening is du(! to the 
action of ferments, partly auto- 
Ij^tic ferments in the tissues, partly 
the proteolytic ferments of the 
saprophytic bacteria causing putre- 
faction. The process is similar to 
that which occurs in moist gan- 
grene. As the result of this ferment is. — F oamy liver. Gross specimen 

action the tissues are first softened showing the vacuolated appearance, 
and finally liquefied. This post- 
mortem digestion may thin the stomach wall and cause actual perfora- 
tion, so that the stomach contents are found in the abdominal cavity. 
The hole in the stomach wall must not be mistaken for an antemortem 
lesion, traumatic or otherwise. The distinction is made by micro- 
scopic examination of the edge of the opening; in the postmortem lesion 
there is no inflammatory reaction. Softening of the pancreas may also 
occur, and the pancreatic juice may escape and produce areas of fat 
necrosis, but these also show no ^cjiSP^ytiq^action. The change pro- 
ceeds very rapidly in hot weather, and when death has been due to 
some septicemic condition invasion of the body by putrefactive bac- 
teria may occur even before death. When bacteria are found in the tis- 
sues at autopsy it must be realized that this may be merely a terminal 
invasion with no causal relation to the disease from which the patient 
died. Gas may be formed by the anaerobic saprophytes as in gas 
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gangrene, and the liver may he_full of bubbles like, a sponge, a condi- 
tion known as/oamy liver. (Fig. 18 .) When a body is kept in cold stor- 
age autolysis ah3 bacterial growth are greatly delayed, and when it 
is injected with chemical poisons as in the process of embalming, 
both ferments and bacteria are destroyed, and the tissues are pre- 
served for long periods. In the kidney of an embalmed body which had 
been buried for nine months I found that the red blood cells stained per- 
fectly and showed no evidence of hemolysis. The fixation of tissues for 
microscopic examination depends on the same principle of destroying 
autolytic ferments and bacteria as quickly as possible. 
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CIRCULATORY DISTURBANCES 

The circulation of the blood through a part may be interfered with 
in a number of ways, each of which adversely affects the particular 
tissue supplied: (1) There may be too much blood in a part or too 
little; (2) the vessel wall may be broken and the blood escape; (»1) the 
blood may clot in the vessel and the clot may be detached and carried 
by the circulation so as to lodge in another vessel; (4) the fluid part 
of the blood may escape through the intact vessel wall and collect in 
the tissues. We have therefore to study: (1) hyperemia and ischemia, 
(2) hemorrhage, (8) thrombosis and embolism, and (4) edema. Hyper- 
emia and congestion have the same meaning, but in practice the 
term hyperemia is usually applied to the active dilatation of arterioles 
and capillaries, as a result of which too much blood goes into the part, 
while congestion is applied to the passive dilatation of veins caused 
by some obstruction to the circulation, as a result of which too little 
blood gets out of the part. 

ARTERIAL AND CAPILLART HYPEREMIA 

Active hyperemia is a dilatation of the arterioles and capillaries, 
which may be dilated together or singly. It may be regarded as a 
physiological response to a call of the tissue for more blood. It must 
be realized that the capillary bed of an organ at rest is never all in 
operation at one time. In a healthy kidney only a limited number of 
glomeruli are working at any given moment, and it is only through 
the capillaries of these glomeruli that an active circulation is going on. 
The remainder remain collapsed. Whenever there is a call for more 
work the latent capillary bed becomes opened up. The same differ- 
ence is observed between a muscle which has been actively contracting 
and one which is at rest. The active organ shows an active hyperemia. 
Under normal conditions the whole of an organ docs not function at 
the same time. Thus one part of a secretory gland works while another 
part rests and recovers. This is true even of muscles, for in moderate 
activity only a moderate number of fibers contract fully while the 
others rest, but in extreme activity all the fibers are called into play. 
This is the basis of the idea of ‘"reserve force.’’ An organ is always 
larger than is necessary for normal needs. It is only when an extra- 
ordinary call is made upon it that it exerts itself to the full, i, e,, all 
the cells work at the same time. The application of this conception 
to circulatory arrangements is of extreme importance, for it throws 
light on many obscure problems of pathogenesis. It has always been 

(57) 
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difficult to understand why in an organ of uniform structure, such as 
the liver, a blood-borne toxin tends to produce focal rather than diffuse 
lesions. The explanation appears to depend on the fact that some 
parts of the organ are relatively ischemic and therefore protected for 
a time from the injurious agent, while others are flooded with blood 



Fig. 19. — The upper glomerulus is full of 
blood and active; the lower one is ischemic 
and resting. X 200. 


and thus exposed to damage. 
(Fig. 19.) For the same reason 
pyogenic bacteria circulating in 
the blood will set up localized 
abscesses in the kidney rather 
than a diffuse inflammation. 

Great active hyperemia of ar- 
terioles and capillaries is seen in 
inflammation. A comparison 
between the capillary bed in a 
normal and an inflamed omen- 
tum will soon prove the truth of 
this statement. In the early 
stages of pneumonia the vessels 
in the walls of the alveoli show 
an extreme degree of hyperemia. 
Inflammatory hyperemia is due 
to the direct action of toxins on 
the walls of the vessels, because 
it occurs when all the nerves to 
the part are cut, and yet nerv- 
ous influence does exert some 
influence upon it. Active hy- 
peremia may largely disappear 
after death. Temporary anemia 
caused by pressure on a vessel 
is followed by active hyperemia 
when the pressure is released, 
due probably to damage to the 
vessel walls from the lack of 


oxygen. This must be borne in mind when performing a bloodless 
operation with the aid of a tourniquet; if the smallest vessels are not 
tied there may be troublesome bleeding later when the hyperemia has 
had time to become established. 


The work of Krogh has shown that the capillaries possess a power 
of contraction and dilatation independent of that of the arterioles, 
although usually the two sets of vessels behave alike. Histamine 
causes contraction of the arterioles but dilatation of the capillaries, 
and a weak solution ■ of adrenalin behaves in the same way. The 
temperature of the skin depends on the rate of flow of the blood 
through it, and this in turn depends on the degree of dilatation of the 
arterioles. The color of the skin, on the other hand, depends on the 
dilatation of the capillaries. Thus the skin may be hot and pale 
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(dilated arterioles and contracted capillaries), hot and red (dilated 
arterioles .and dilated capillaries), or cold and purple (contracted 
arterioles and dilated capillaries). These variations are of importance 
in the study of the vasomotor disorders. In the operation of lumbar 
sympathectomy undertaken to relieve vasomotor disturbances in the 
legs the arterioles dilate and the legs become warm when the vaso- 
constrictor nerves are cut, but the capillaries still remain undilated. 

VENOUS CONGESTION 

Venous congestion or passive hyperemia is a condition in which the 
blood accumulates on the venous side of the vascular tree. The con- 
gestion may be general or local. Both of these may be acmte or chronic. 
Of these various forms chronic general venous congestion is by far the 
most important. 

General Venous Congestion. — Causes. — As the condition is general 
the cause must be central. There are only two organs through which 
all the blood in the body must pass. These are the heart and the lungs. 
Obstruction to the circulation through either of these organs will give 
rise to general venous congestions. As the obstruction is usually 
chronic in type the congestion will be chronic. Ip the heart the com- 
mon cause is mitral stenosis, but mitral incompetence and aortic 
valvular disease will lead in the end to the same result. Chronic myo- 
cardial failure from whatever cause is also associated with clijrc^nic 
venous congestion. The means by which the congevstion is procluced 
is rather different in these different cases. In mitral stenosis there is 
constant obstruction to the flow of blood through the mitral valve, so 
that blood collects in the lungs, in the right side of the heart, and 
finally in the veins which become distended to accommodate the 
increased amount. In aortic valvular disease and in myocardial failure 
not enough blood is pumped into the aorta, so that the blood-pressure 
tends to fall. In order to compensate for this there is a tonic con- 
traction of the arterioles so that the volume of the arterial system is 
diminished and blood is squeezed into the venous system, nhere it 
tends to accumulate. 

In the lungs the chief causes of obstruction are emphysema aiid 
fibrosis. In emphysema there is great distention of the alveoli with 
destruction of the alveolar walls and narrowing of the capillaries in 
those which remain. The result is a marked obstruction to the pul- 
monary circulation with distention of the right side of the heart and 
accumulation of blood in the veins. Fibrosis of the lungs as the result 
of tuberculosis or other chronic infections also leads to obliteration of 
the pulmonary capillaries with resulting venous congestion. 

These forms of congestion are of the chronic type. If cardiac failure 
is more acute, usually left ventricular in type, the venous congestion 
will also be acute. This type of failure often develops as a terminal 
phenomenon, and as the lungs are the first to suffer, it is seldom that 
autopsy fails to reveal some degree of pulmonary congestion. 
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Effects of Chronic Venous Congestion.— These are both general and 
local. The general effects are due to insufficient oxygenation. Owing 
to accumulation of blood in the dilated veins the speed of the circula- 
tion is slowed down and the blood is not sufficiently aerated in the lungs. 
Moreover the edema of the lungs which so comuiqnly develops still 
further prevents a proper, interchange of gases. Owing to the resulting 
anoxemia there will be a varying degree of dysynea or shortness of 
brgath. As the blood remains unduly long in the venules and capil- 
laries, there is a marked increase in the amount of reduced hemoglobin, 
the blood becomes more venous in type, and the patient manifests 
cyanosis, a blueness or lividity of the skin and mucous membranes, well 
seen in the ears and lips. Cyanosis is seen in other conditions in 
which the blood is imperfectly oxygenated, especially in pulmonary 
disease and in congenital heart disease where an abnormal communi- 
cation exists between the right and left sides of the heart. Owing to 
the general congestion the walls of the veins are injured and fluid 
escapes from the vessels into the tissues causing edema, especially in 
dependent parts such as the feet. Fluid may also pass into the serous 
cavities with the production of ascites, pleural effusion, etc. 

The local effects are observed in the individual organs. The condi- 
tion of the lung depends on the site of the obstruction. If the obstruc- 
tion is in the lung itself there will be no congestion there, but, if, as is 
usually the case, it is in the heart, the lung will show marked changes. 
In mitral stenosis the lung is commonly dark brown in color and of 
tough consistence, a condition known as brown induration. Micro- 
scopically the vessels in the alveolar walls are dilated, varicose, and 
in section may give the wall a beaded appearance. The walls them- 
selves are thickened. But the most characteristic finding is the 
presence in the alveoli of large phagocytic cells filled with yellow blood 
pigment which gives the reaction for iron. (Fig. 20.) These cells 
are known as “heart failure cells,” but their presence does not neces- 
sarily indicate that the heart is failing— merely that there is some cen- 
tral obstruction. The pigment is derived from the red blood cells 
often seen lying within the alveoli and due to hemorrhage from the 
distended vessels. There has been a vast amount of controversy 
regarding the origin of these phagocytes, some maintaining that they 
are the desquamated epithelial cells which line the alvec^li, others 
that they arc histiocytes (reticulo-endothelial cells) contained in the 
alveolar septa. The latter view is probably the correct one. The 
pigment is carried by the phagocytes into the lymphatics and is dis- 
tributed throughout the framework of the lung, where it excites a 
certain amount of fibrosis. The pigment is therefore responsible for 
the “brown induration.'* As the result of alveolar hemorrhages blood 
niay appear itr the sputum; indeed mitral stenosis is the second. com- 
monest. cause of Jtieniqptysis. The blood in the alveoli is partly con- 
verted into bilirubin, and the bilirubin content of the blood plasma 
may be distinctly above normal, so that mitral stenosis is one of the 
conditions which may give rise to a , jaundice. Shortly before 
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death a certain amount of hypostatic congestion usually occurs, owing 
to loss of the vascular tone. It is most marked in the dependent 



Fig. 20. — Heart failure cells in the lung. The alveolar walls are greatly thickened. 

X 250. 


parts of the lung, and may be accompanied by transudation of fluid 
into the alveoli. The condition, which is best seen in patients who 
have had to lie on their backs 
for some time, closely resembles 
the postmortem hypostasis 
which occurs in the dependent 
parts of the lung after death. 

The liver is early involved 
owing to its anatomical position. 

When the heart is failing the 
liver is often enlarged and 
tender, both of which features 
may disappear under treatment 
with rest and digitalis. In long- 
standing cases the liver may 
become shrunken and very 
firm, a condition of cyanotic 
induration. But the charac- 

teristic picture in chronic ven- ai.-Nutmeg liver. The cut surface has 

OUS congestion is the nu t meg a mottled appearance, 

liver,, the ^ut surface showing 

a mottled appearance of dark brown and light yellow areas. (Fig. 21.) 
The dark areas represent the congested center of each lobule, the light 
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areas are the fatty peripheral part. Microscopically, the sinusoids at 
the center of the lobule are distended with blood, and the liver cells are 
degenerated and atrophic, probably mainly as the result of oxygen 
deficiency (anoxia).^ At the periphery of the lobule the congestion is 
slight and the liver cells comparatively normal, though they often 
show a considerable amount of fatty degeneration. In very chronic 
cases there may be a good deal of collapse of the lobules, so that the 
fibrous tissue round the portal tracts may seem to be increased. The 
end-result may not be unlike that of cirrhosis of the liver; owing to the 
destruction of liver cells, islands of regeneration are formed which give 
the organ a slightly nodular appearance. 

The syleen is enlarged and firm, but the enlargement can seldom be 
detected clinically. The splenic pulp is filled with red cells, and the 
lymphoid tissue is atrophic. 

The kidneys are slightly enlarged, firm, and dark red. The capillar- 
ies in the glomeruli and the intertubular vessels are intensely congested. 
The capsular space and the tubules may contain red blood cells and 
albumin. The urine often shows albuminuria and casts, and the renal 
function as shown by the dye excretion test is markedly impaired. 
With treatment of the heart condition the renal function is recovered. 

Local Venous Congestion. — W^hen the main vein from a region or 
an organ is obstructed a condition of local venous congestion is pro- 
duced. The obstruction may be acute or chronic. Acute obstruction 
is usually due to thrombosis in the vein, but may also be caused by 
sudden pressure on the vein as in strangulation of a loop of bowel, 
twisting of the pedicle of an ovarian cyst, etc. The result is very 
similar to the production of a hemorrhagic infarct which will be 
described presently. There is no time for a collateral circulation to 
be set up, so that there is intense engorgement of the venules and 
capillaries; many of these rupture, and there is hemorrhage into the 
part which becomes of a dark purple color. Under the microscope 
the tissues are seen to be stuffed with blood. The condition is best 
observed in strangulation of the bow^el, but may also occasionally be 
observed in the spleen, kidney, and other organs. 

In chronic obstruction due to the pressure of tumors, enlarged glands, 
aneurism, etc., a collateral circulation is gradually established, so that 
the results are less sev’tere. If the veins of the collateral circulation 
are superficial they can readily be seen and offer useful help in making 
a correct diagnosis. Even when they cannot be seen with the unaided 
eye, they can be made visible by photographing the area using infra- 
red films. In obstruction of the superior vena cava these distended 
superficial veins are seen coursing over the clavicle and the upper part 
of the chest, while in the case of the inferior vena cava they pass up- 
ward on the abdominal wall. An important form of chronic local 
venous congestion is that due to obstruction of the portal vein, usually 
the result of cirrhosis of the liver. In portal obstruction the radicles 
of the portal vein become distended and varicose. Important varicos- 
ities are formed at the lower end of the esophagus and the lower end 
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of the rectum. The latter form hemorrhoids or piles, and the former 
may rupture causing hemorrhage into the stomach which may prove 
fatal. Just as coughing of blood (hemoptysis) is a sign of pulmonary 
congestion, so vomiting of blood (hematemesis) is a sign of portal 
congestion. Fluid may pass from the branches of the portal vein into 
the peritoneal cavity causing ascites. 

ISCHEMIA 

Ischemia is a local anemia, a cutting-off of the arterial blood supply 
to a part. It may be sudden or gradual. Svdden obstruction is, of 
course, produced when a vessel is ligatured, but in disease the usual 
causes arc thrombosis and embolism. The result depends on the 
question of collateral circulation. If this can be established rapidly 
and adequately, blood reaches the part by other channels, and no 
serious damage is done. If such a circulation cannot be established, 
part of the whole of the area affected will quickly die. This change, 
which is well seen in the heart, spleen, kidney, and brain, is called 
infarction and will be studied in coimection with the process of 
embolism. 

Gradual obstruction is usually due to arteriosclerosis in which thick- 
ening of the intima lefids to narrowing of the lumen. The area supplied 
atrophies, the parenchymatous tissue undergoes necrosis, disappears, 
and is replaced by fibrous tissue. This change is well seen in the 
kidney and the myocardium (ischemic necrosis). In the brain it leads 
to softening. Gradual obstruction of the arteries may also be pro- 
duced by pressure from without, but this is of little importance apart 
from the pressure of splints and the formation of bed-sores. Ischemia 
may be caused by prolonged arterial spasm in ergot poisoning and in 
Raynaud’s disease, in both of which conditions gangrene of the ex- 
tremities may develop. 

HEMORRHAGE 

Hemorrhage or the escape of blood from a vessel may occur from a 
variety of causes, some of which are simple, while others are obscure 
and indeed unknown. 'Che hemorrhage may be due to a break in the 
wall of the vessel either from trauma or disease. In other cases there 
seems to be no distinct rupture of the wall, the red cells escaping out 
by a process of diapedcsis. It is probable that many tiny hemorrhages 
occur in this way. The smallest hemorrhages, often no larger than a 
pin’s head in size, are called petecliisc, while larger extravasations are 
called ecchyvioses. When a hemorrhage of some size occurs into the 
tissue it may form a tumor-like swelling known as a hcniatoma. 

Spontaneous massive hemorrhage is due to rupture of a vessel. 
The rupture may be caused by a patch of atheroma (arteriosclerosis) 
which weakens the vessel wall; a good example of this is cerebral 
hemorrhage. Local dilatation of the lumen with thinning of the wall 
(aneurism formation) will produce the same result. A second class of 
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case is the septicemias, in which petechial hemorrhages, particularly 
in the serous membranes, are of frequent occurrence. Here the prob- 
able cause is injury of thecapillary endothelium by the bacterial toxins, 
although this is difficult to prove. In some instances (bacterial endo- 
carditis, typhoid fever) clumps of bacteria may lodge in the capillaries 
and cause hemorrhage. A third group is that of the bleeding diseases 
which will be discussed in the chapter on the Blood. Some of the 
chief of these are pernicious anemia, leucemia, and purpura. In the 
last-named there is a ^eat decre^e in. the number of blood platelets, 
but in none of them can it be said that we really know the cause of 
the hemorrhage. 

Changes in the Extravasated Blood.— When the hemorrhage is very 
small, i, e., petechial in type, the red cells may be removed by phago- 
cytes. When it is of any considerable size the red cells are broken 
down so that hemoglobin is liberated, and this stains the surrounding 
tissues. The coloring matter of the hemoglobin is disintegrated into 
two moieties; one is iron-free and called hematoidin, the other contains 
iron and is therefore called hemosiderin. The hematoidin may be 
deposited in the form of granules or rhombic crystals which are seen 
around old cerebral hemorrhages, but some of it is converted into 
bilirubin which is soluble and therefore carried away and excreted in 
the bile. Large hemorrhages such as that of a ruptured tubal preg- 
nancy may therefore be accompanied by jaundice. The hemosiderin 
is taken up by phagocytic cells, and these give the Prussian blue 
reaction for iron. 

The Arrest of Hemorrhage.— This can best be studied in a vessel 
which has been divided. There is first temporary arrest of the hemor- 
rhage by the formation of a blood clot, followed by permanent arrest 
due to the formation of an infiammatory exudate which becomes 
organized and seals the vessel. 

The temporary clot is produced by the coagulation of the blood, a 
process which will be considered in connection with thrombosis. The 
temporary clot is of two varieties, the red and the white. The red 
clot is composed of fibrin containing red cells in its meshes. The white 
clot, which is a thrombus, consists almost entirely of platelets, which 
form a sticky mass that adheres to the cut edges and serves to plug the 
hole in the vessel wall. The temporary clot is like a nail, the head of 
which is fonned by the white clot and closes the cut end of the vessel, 
while the stem is formed by the red clot which extends along the vessel 
for some distance. 

The permanent clot results from* the organization of the temporary 
clot. As the result of the injury an inflammatory exudate is formed 
around the latter, new capillaries and fibroblasts grow in, the clot is 
vascularized and fibrosed, and the opening in the vessel is finally 
plugged by a mass of fibrous tissue firmly adherent to the edges of 
the hole. The arrangement just outlined is a singularly beautiful one, 
whereby the blood remains fluid in the vessels so that it can traverse 
the finest capillaries, yet the moment it is shed it clots and plugs the 
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hole in the vessel wall. It is like a fire-sprinkler system, unnoticed as 
long as all goes well, but ready for any emergency at a moment’s notice. 

This process of healing only occurs properly in the absence of infec- 
tion. If sepsis is present the formation of the permanent clot is inter- 
fered with, the temporary clot may be softened by the bacterial fer- 
ments, and secondary hemorrhage may occur one or two weeks after an 
operation. Before the days of asepsis such an accident was a common 
occurrence. 

THROMBOSIS 

Thrombosis is the formation of a solid body, the thrombus, from 
the elements of the streaming blood. All the elements, platelets, fibrin, 
red cells, and leucocytes, may enter into the formation of a throtn- 
bus, but the first two are the most important. Thrombosis is quite 
different from clotting, although clotting may take part in the for- 
mation of a thrombus. The normal clotting of blood will first be 
described. 

The Clotting of Blood. — When blood is shed and comes in contact 
with injured cells it forms a solid clot composed of a network of fibrin 
threads. Clotting can occur within the vessels when the blood is in 
a state of stasis. Clotting has been compared to the sudden freezing 
over of a pond, whereas thrombosis is like the formation of a snow- 
drift with snowflakes represented by platelets. The process is complex 
and imperfectly understood, but Ilowell’s views are the most favored 
at present. The fibrinogen in the plasma is acted on by a ferment 
named thrombin to form fibrin. The thrombin in turn is formed by 
the interaction of prothrombin with calcium salts. The prothrombin 
is prevented from uniting with the calcium under normal conditions 
by the presence of antithrombin. The balance between prothrombin 
and antithrombin is delicate and ejisily upset, and the antithrombin is 
neutralized by thromboplastin or thrombokinase which is liberated as 
the result of cellular injury. The injured cells may be tissue cells, or 
platelets. When the antithrombin is eliminated, the whole complex 
machinery of clotting is set in motion. Injury is the key to the process. 
If this can be prevented coagulation will not occur. Removal of the 
calcium by the addition of oxalate or citrate has a similar 'effect. The 
clotting mechanism appears to be subject to neurogenic influence 
(de Takats). Adrenergic stimuli increase whilst cholinergic stimuli 
decrease the tendency to clotting. Fear, apprehension, nervous strain 
and hemorrhage increase this tendency. 

Vitamin K (Koagulationsvitamin), as its name implies, is essential 
to proper coagulation, because it is necessary for the formation of 
prothrombin. In animals fed on a diet deficient in vitamin K, the 
blood prothrombin falls and a tendency to hemorrhage develops. In 
man the deficiency of the vitamin is more likely to be due to lack of 
absorption than to inadequate supply. As bile is necessary for absorp- 
tion of the vitamin from the bowel, low prothrombin and a marked 
tendency to bleeding is characteristic of obstructive jaundice. Hemor- 
5 
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rhage in the new-bom, especially intracranial hemorrhage^ is due to 
lack of vitamin K, as the vitamin is largely produced by intestinal 
bacteria, which are absent during the first few days of life. 

After death the blood clots in the heart, arteries, and veins but not 
in the capillaries. When blood clots in the larger vessels all the 
eleitfents'are involved, and the clot is soft and red, the “currant-jelly’^ 
clot. This, type of clot is also seen in the heart when clotting is fairly 
rapid. But if it is slow the red cells fall to the bottom, and the clot 
consists only of leucocytes and fibrin. Such a clot is firmer and pale 
yellow in color, and is known as a “chicken fat” clot. The lower part 
of the clot is often red and the upper part pale. Microscopically the 
clot has a characteristically homogeneous appearance. At first the 
individual red cells can be distinguished, but soon they become fused 
into a uniform structureless mass. The clot shows none of the delicate 
architecture of a thrombus. 



Fio. 22. — Antemortem thrombus, showing laminro of platelets outlined by fibrin and 
connected by fibrin threads. Fibrin stain. X 100. 

Mechanism of Thrombosis.— Thrombosis is an active and vital 
process compared with clotting. A clot is composed mainly of fibrin, 
whereas the chief element in a thrombus is the platelets, although 
fibrin is an important constituent of some thrombi. For a thrombus 
to be formed the blood must be in motion. In a stained smear the 
platelets appear as small nuclear bodies arranged in clumps, but 
moving pictures of streaming blood show that this nucleus is a very 
small part of the platelet, and that it is surrounded for a distance 
of 3 or 4 nuclear diameters by a thin veil-like cytoplasm which is 
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actively ameboid and throws out pseudopodia that are arrested by 
any irregularity of surface. The platelets readily become conglu- 
tinated and adhere to the site of thrombus formation, more and more 
falling out of the blood stream as it passes by. They form ridges 
running at right angles to the stream. When they adhere to the sur- 
face they liberate thromboplastin, and this sets in motion the machinery 
of fibrin formation, so that festoons of fibrin threads hang between 
the ridges and entangle many red blood cells and leucocytes. (Fig. 22.) 
A thrombus is thus composed of platelets and fibrin, with a varying 

admixture of red cells and leuco- 
cytes. (Fig. 23.) The proportions 
vary greatly as will be seen pres- 
ently. The thrombus at first 
forms a red mass, on the cut surface 


of which the sheets of platelets are seen as interlacing white lines. 
They project slightly above the free surface forming corrugations 
known as the lines of Zahn. (Fig. 24.) In time the various elements 
are fused together to form a hyaline mass. The platelets present this 
hyaline appearance from the beginning. The formation of a platelet or 
white clot is a more fundamental and primitive process than the for- 
mation of a fibrin or red clot, for it is seen in response to vascular 
injury throughout the animal kingdom, while fibrin formation is only 
met with in the higher vertebrates. 

In pathological lesions in man the two forms are often combined. 



Fig 24. — Thrombus showing lines 
of Zahn. 



Fig. 23. — Antemortem thrombus. 
Numerous cells between the strands of 
platelets. X 75. 
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Platelets are deposited on an injured vascular surface and a white clot 
is built up until the vessel is nearly occluded. The blood stream is 
slowed, and fibrin is deposited in large amount on the surface of the 
thrombus, until the lumen is completely closed. The blood in the 
vessel, usually a vein, then clots in the usual way, and the red clot 
may extend up to the point where the vessel comes off from the parent 
trunk. The red clot projects into the moving blood stream, again 
platelets are laid down and a white clot is formed, and in this way the 
thrombus may extend up a series of veins for a long distance, involving 
vessels of ever-increasing size. 

The process of thrombosis can be directly observed microscopically 
through the transparent wall of a celloidin tube connecting the car- 
otid artery with the jugular vein. This method was introduced by 
Rowntree and Shionoya, and has been used with great effect by Best 
in experiments on the effect of heparin in inhibiting thrombus forma- 
tion. In these observations one is struck by the speed with which a 
thrombus is formed, often only a matter of a few minutes. 

Heparin was first obtained from the liver by Howell in 1916, hence 
its name. It appears to be produced by the mast cells of Ehrlich, the 
metachromatic granules of which are stained by toluidin blue in a 
manner similar to heparin. Best has shown that heparin acts as an 
antithrombase preventing the agglutination of platelets to form white 
thrombi, and interfering with the union of prothrombin and calcium to 
form thrombin. Heparin has proved of great value in bloodvessel 
surgery, permitting end-to-end anastomosis, suture of vessels, etc., 
without subsequent thrombosis. 

Cattle suffer from a hemorrhagic disease caused by eating decayed 
sweet clover. The hemorrhagic agent has been isolated from the 
clover and finally synthesized. It is 3,3'-methylene-bis-(4-hydroxy- 
comnarin), known more briefly as dicumaroL It resembles heparin, in 
prolonging the coagulation time, and it has the advantage that the 
action is much more prolonged and that it can be taken by mouth 
instead of being injected intravenously. 

Causes.— Thrombosis is the result of an upset in a delicate balance. 
Several things may cause this upset, some of which are known, some 
unknown. Three factors which are known to play a part are: (1) 
injury to the intima, (2) slowing of the blood stream, (3) change in the 
chemical composition in the blood. 

Intimal injury may be traumatic or inflammatory. T raumatic injury 
is best studied in operation wounds. When an artery is ligatured the 
inner coat is torn, and platelets are at once deposited on the injured 
area. Until the advent of heparin thrombosis was the great problem 
of the surgeon anastomosing arteries or suturing vessels. A rough 
spot on the intimal surface may be the starting point of a thrombus, as 
in atheromatous ulcer of the aorta. Martland emphasizes the fre- 
quency with which injury by a blunt object, as in automobile acci- 
dents, is responsible for thrombosis in the veins of the leg. Infiammi^ 
tion of the vessel wall is a common cause of thrombosis, particularly 
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in the veins, where the condition is called thrombophlebitis. When the 
heart valves are inflamed, platelet thrombi are deposited on their 
surface to form "Vegetations."’ The presence of inflammatory cells in 
the wall of a vessel at the site of a thrombus does not prove that inflam- 
mation has been the cause of the thrombosis, for it can be shown 
experimentally that the presence of a thrombus may excite an inflam- 
matory reaction in the vessel wall with which it is in contact. In the 
past too much emphasis has been laid on the necessity of a preceding 
inflammation. Thus Welch’s dictum that nearly every case of venous 
thrombosis is preceded by infection can no longer be accepted. 

Slowing of the blood stream is of particular importance in thrombosis 
of the veins, particularly those of the legs. This factor is discussed 
below in connection with thrombus formation in those vessels. 

The blood platelets may undergo changes which predispose to throm- 
bosis. After childbirth and severe surgical operations, conditions often 
followed by the formation of thrombi in the veins, there is a pro- 
nounced rise in the number of platelets and an increase in their agglu- 
tinability or stickiness. Both of these changes appear about the fourth 
day and reach their peak about the tenth day, the very period during 
which thrombosis with its attendant threat of embolism is likely to be 
observed clinically. 

Chemical changes in the blood constitute the unknown factor. It is 
safe to say that such changes must play an important part in many 
cases, but at present there is no precise information available. If an 
excess of heparin inhibits thrombosis, a deficient supply must favor it. 
A sufficient supply of vitamin K, produced in the liver, is necessary 
for blood coagulation, and an excess might stimulate the process 
unduly. Doubtless other factors, still unknown, play their part. It 
has been observed that weather conditions are related to thrombosis. 
It is commoner in hot and cold spells, and is less likely to occur in 
regions with a uniform climate. The action may be through the skin 
on the vegetative nervous system, slowing the circulation and thus 
favoring thrombosis. 

Perhaps the commonest factor favoring thrombosis in the veins of 
the leg is the sudden confinement to bed of a person who has previously 
been moving around actively. 

Varieties and Sites.— Thrombi are divided into pale, red, and 
mixed. The pale thrombns is in a sense a pure thrombus, composed 
ahnost entirely of blood platelets. It is seen to advantage in the 
""vegetations” which form on the valves of the heart in acute endo- 
carditis. The greater part of such a vegetation is composed of a fused 
mass of platelets which have been deposited on the inflamed surface 
of the valve from the blood as it passes over it. A red thrombus is 
composed largely of fibrin and red blood cells entangled in it, although 
there is always a basis of platelets. Such a thrombus, which is likely 
to be formed when the process of thrombosis is rapid, is more soft and 
friable, and it is evident that it may easily be confused with a mere 
clot formed postmortem by clotting of the blood. Naked eye or if 
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required microscopic examination of the site of attachment of the 
thrombus may be necessary. A true thrombus is adherent to the 
underlying tissue and when detached a raw surface is. left. A post- 
mortem clot has no attachment. A mixed thrombus is partly pale and 
partly red, i. e., partly platelet and partly fibrinous in composition. 
Most thrombi are of this type. A thrombus may be septic or aseptic, 
depending on whether it is infected with pyogenic microorganisms. 
The difference is chiefly of importance in connection with the effect 
which may be produced if the thrombus is carried by the blood to some 
other organ, and will be discussed in relation to embolism. 

Thrombi may also be divided 
according as they arise in the heart, 
arteries, veins, and capillaries. Each 
of these presents special features 
of its own. 

Heart Here it is necessary to 
distinguish between true thrombi 
and the postmortem clots which 
arc so constantly found in the cham- 
bers of the heart, 'rhese clots may 
be of the “currant-jelly'' type (soft 
and red) or the “chicken fat" type 
(firm and yellow), depending on 
the rapidity with which they are 
formed. The commonest type of 
true thrombus is the agonal thi*om- 
bus which rapidly forms shortly 
before death. Such a thrombus is 
usually seen on the right side, where 
it forms, a yellow stringy mass at- 
tached to the apex of the ventricle 
and often passing through the 
puhnonary valve. It is composed 
chiefly of ITbrTu, and is charac- 
teristically seen in lobar pnemnonia. 
Thrombus formatioa in the auricle 
and its appendix is common in 
heart failure. (Fig. 25.) A ball thrombus forms a globular mass occa- 
sionally seen in the auricular appendix in mitral stenosis. Globular 
thrombi may be attached to the heart wall by a pedicle, and for cen- 
turies these were described and figured in medical books as “cardiac 
polypi/* a kind of tumor of the heart. A thrombus is constantly 
found over the necrotic patch of heart muscle which results from 
sudden occlusion of the coronary artery, provided that there is in- 
volvement of the endocardium. The vegetations of endocarditis have 
already been described; they may occur on the mural endocardium 
as v/ell as on the valves. 



Fig. 25. — Pale thrombi adherent to 
auricle and auricular appendix. 
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Thrombosis occurs much less commonly in arteries than 
in veins. For one thing, the rapidity of the blood stream is less favor- 
able. In localized dilatations (aneurisms) there is a backwater in 
the stream and thrombus formation is common, especially in aortic 
aneurism. The clot is laid down in successive layers and presents a 
characteristic laminated appearance. A thrombus may be formed on 
an atheromatous ulcer of the aorta, but much less frequently than 
might be expected. 

V ems.—lihQ veins are the commonest site of thrombosis. Su(6h 
thrombosis may be divided into two groups: (1) thrombophlebitis 
and (2) venous thrombosis. Thrombophlebitis is the result of inflam- 
mation of the vein wall (phlebitis), e. g,, cavernous sinus thrombosis 
in infection of the face and thrombosis of the pelvic veins in puerperal 
sepsis. The changes in the vascular endothelium usually cause the 
clot to be firmly attached to the vessel wall, so that there is little 
di^nger of its becoming detached. If the infection is septic the thrombus 
tends to become softened and disintegrate. Vemms thrombosis^ much 
the more common type, is seen particularly in the veins of the leg 
following operations, in congestive heart failure, and as the result of 
trauma (automobile accidents, etc.) The vein wall usually shows no 
evidence of inflammation. Even if infltunmatory cells are observed in 
the wall, these may be secondary to irritation caused by the thrombus, 
as already pointed out, rather than an indication of a primary phlebitis. 
TTie earliest thrombus, consisting essentially of platelets, represents 
the so-called white head, but on this is soon superimposed a mass of 
erythrocytes, forming the soft red tail which waves free in the blood 
stream. It is the friable tail that tends to become broken oft* and form 
a moving body which may cause fatal pulmonary embolism (see below), 
or the entire loosely attached thrombus may share this fate. A 
thrombus in a vein may form in a valve pocket. In this case it will 
present a V-shaped gap caused by the valve commissure. This, 
together with the lines of Zahn, provides the best gross evidence of 
antemortem formation. 

The venous thrombosis which follows surgical operations and delivery 
occurs for the most part between the fourth and the tenth day. Not 
only are the platelets increased in number during this period, but there 
is a marked augmentation of their normal stickiness, due probably to 
the fact that large numbers of young platelets are produced (Wright). 
This increase in stickiness and in numbers may well be an important 
factor in the production of pc»stoperative and puerperal thrombosis. 

Since the days of Virchow it has been believed that the common 
venous thrombi originated in the femoral vein and its valve-pockets, 
and a red “coagulation thrombus'’ was supposed to form in the stag- 
nant mass of blood in the veins distal to the obstruction. More recent 
observations have shown that there are four venous areas in the leg in 
which thrombosis may commence: (1) plantar veins, (2) veins of the 
calf muscles, (3) veins of the adductor muscles, and (4) the visceral 
pelvic veins, especially in obstetrical patients. It is probable that a 
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coagulation thrombus is first formed in areas where the stream is 
sluggish, that the process extends in the direction of the bloodflow, 
and that when a large vein (femoral) is reached in which the stream is 
rapid, platelets are deposited with the formation of a white thrombus. 
It is the youngest part of the clot which is likely to be detached and 
form an embolus. 

Frykholm suggests that the venous thrombosis which occurs in the 
leg after operation or when a previously active person is confined to 
bed is due to intimal injury caused by collapse of the veins, as the walls 
are no longer separated by a long column of blood. Intima is pressed 
against intima, more especially in regions exposed to external pressure 
when the patient is in bed. As the nourishment of the endothelial cells 
depends on the blood with which they come in contact, there is reason 
to believe that these cells may be injured by the continued pressure 
and may liberate thromboplastic substances which induce coagulation 
in the minimal stream of blood that percolates through the crack-like 
lumen. From this small beginning the process extends upwards. In 
support of this idea may be mentioned the fact that venous thrombosis 
has occurred in elderly patients who have spent long winter nights 
sitting in deck chairs in air-raid shelters; pressure on the back of the 
thighs has been followed by venous thrombosis and in some instances 
by fatal pulmonary embolism. 

Capillaries.— In inflammatory conditions the capillaries often con- 
tain capillary thrombi; these are hyaline and structureless, and appear 
to be formed by the fusion of red blood corpuscles. 'I''hesc masses are 
therefore not true thrombi. It is worth noting that postmortem clots 
are never seen in the capillaries; some hours after death the blood in 
the capillaries loses the power of clotting. 

Clinical Effects.— These depend on the organ and on the collateral 
circulation. When one of the main veins of the leg becomes throm- 
bosed the vessel is tender and feels like a hard cord. Edema often 
develops, and the leg may be swollen from the foot to the thigh. 
Simple venous obstruction such as that produced by ligature of the 
femoral vein does not cause edema. Lymphatic obstruction is prob- 
ably the deciding factor, and this is often present owing to spread of 
the infection from the vein to the lymphatics. Thrombosis of the 
portal vein is followed by a rapid accumulation of fluid in the abdom- 
inal cavity (ascites). Thrombosis of the superior mesenteric vein will 
produce the picture of hemorrhagic infarction with diffuse hemorrhage 
in the tissues. The same is true of the lung, and more rarely of the 
spleen and kidney. Thrombosis of the coronary arteries is followed 
by rapid necrosis of the area of myocardium involved, accompanied 
by severe cardiac pain and often followed by death. Thrombosis of 
the cerebral arteries causes softening of the brain. Finally the throm- 
bus or a portion of it may become detached from the vein in which 
it is formed and be carried into the general circulation where it con- 
stitutes an embolus. 
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Subsequent Fate of the Thrombus.— Much depends on the presence 
and degree of infection. If the thrombus becomes septic, L <?., if it 
is infected with pyogenic bacteria, it will become softened and dis- 
integrated, and may even be converted into an ab^icess. It is evident 
that in such a case the patient will be exposed to all the risks of pyemia. 
As a rule, however, the course is aseptic. Contractmn of the thrombus 
occurs owing to the fibrin which it contains. The clot may shrink 
from the wall of the vein, leaving a space. Ahwrpfiort of part of the 
thrombus may take place due to the activity of leucocytes. Organiza- 
tion is a common occurrence. This begins at the point where the 
thrombus is attached to the vessel wall. (Fig. 2G.) The process is 



Fig. 26. — Thrombus in artery occluding most of the lumen, and becoming \ ascularized 

and organized. X 30. 


the same as healing in a wound. New capillaries and fibroblasts grow 
in from the wall of the vessel, a vascular connective tissue is formed, 
and this is replaced by dense fibrous tissue. New channels may be 
formed through the fibrous masa and these become lined by endothe- 
lium (canalization). (Fig. 27.) If the clot shrinks from the wall of 
the vessel, the space formed is similarly relined. In this way the 
circulation may be in part reestablished. Lime salts may be deposited 
in the thrombus to form a phlebolith. These calcified masses are often 
seen in the pelvic and prostatic veins in roentgen-ray pictures. 

Stasis.— Krey berg and other European workers have drawn atten- 
tion to a condition which must be distinguished from thrombosis, 
although it is often confused with this process. When a part is chilled, 
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as in frostbite, the smallest vessels are injured and when circulation is 
reestablished they dilate and plasma pours out through their walls 
owing to increased permeability. As a result the erythrocytes in the 
minute vessels become conglutinated to form a homogeneous eosino- 
philic mass which blocks the lumen. Such a mass is commonly referred 
to as a hyaline thrombus, an unfortunate misuse of a term, for it is in 
no sense a true thrombus. To this process the name of stasis has been 
given. (In English and American medical literature stasis signifies 
merely slowing of the blood stream.) The process is of particular 
importance in frostbite, where it may lead to necrosis and gangrene 
owing to the anoxia produced. (See Frostbite, page SiS.) 



Fia. 27. — Canalization of an organized thrombus in an artery. X 30. 


EMBOLISM 

An embolus is a solid body which is transported from one part of 
the circulatory system to another where it becomes impacted. The 
process is known as embolism. The usual form of embolus is a throm- 
bus which has formed either in the heart or in the bloodvessels and 
has become detached from the wall. Other forms of emboli are fat 
globules, air bubbles, tumor cells, and clumps of bacteria. These will 
be discussed separately. In addition to bloodvessel embolism, some 
consideration must be given to lymphatic embolism. Embolism is of 
interest for two reasons: (1) It is the means by which solid material 
is transported from one part of the body to the other, and is thus of 
great importance in the dissemination of tumors, bacterial infection, 
etc. ; (2) emboli may produce serious effects at their point of impaction. 




EMBOLISM 


75 


The source of the emholus depends on the site of the thrombus from 
which it arises. In the heart there are three sites: (1) the auricle and 
auricular appendix, (2) a cardiac infect in the left ventricle, (3) in- 
flamed vglves (the vegetations of endocarditis). The veins are of equal 
importance. Postoperative thrombosis is of special danger, and will 
be referred to presently in discussing pulmonary embolism. (Fig. 28.) 
The common sites of venous thrombosis have already been described 


in the previous section. In embol- 
ism following abdominal and pelvic 
operations the femoral veins must 
be carefully examined for thrombi. 
Thrombi in the right and left auri- 
cles, particularly in the auricular 
appendages, are not infrequently 
the source of emboli. An unusual 
form is the thrombus which is de- 
veloped on an atheromatous ulcer 
in the aorta, and is then carried 
further into the arterial tree. 

Effects of Embolism.— The effect 
produced by an embolus will depend 
on two main factors : (1 ) The, nature 
of the embolus; (2) the circulatory 
arrangements in the organ where 
the embolus happens to stick. 

1. The embolus may be septic 
or bland. This is a better division 
than into infected and non-infcc- 
ted, for as an embolus starts as a 
thrombus, and as a thrombus is 
so often associated with infection 
either of a vein or of a heart valve, 
it is evident that the embolus usu- 
ally contains some bacteria. It by 
no means follows that suppuration 
will develop at the site of impac- 
tion of the embolus unless the 



Fia. 28. — Thrombus at site of pelvic 
operation. Part became detached and 
caused fatal pulmonary embolism. X 125. 


embolus contains pyogenic micro- 
organisms. If the embolus is septic, it will give rise to a septic lesion, 
i, e,, an ab scess, to which an isch.miic effect may be added. If the em- 
bolusls bland any effect it may produce is due to ischemia alone. 

2. The vascular arrangements of the part are all-important in the 
case of a bland embolus. When an embolus is impacted in an artery 
the effect is the same as if the vessel were suddenly closed by a clamp 
or ligature. This effect may be studied experimentally either by the 
use of artificial emboli such as seeds injected into the circulation or 
by clamping or tying the artery supplying the part. 

Everything depends on the collateral circulation^ which in turn 
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depends on the anastomosis between the affected vessel and the 
neighboring arterioles. In most parts of the body anastomoses are 
abundant so that when even a large artery is blocked an efficient 
collateral circulation is soon established; the palmar arch is an example 
of perfect collateral circulation. Ligature of the femoral artery is at 
first followed by blanching of the limb which becomes numb and cold. 
The anastomotic arteries undergo active dilatation, and blood finds 
its way into the ischemic tissue before any permanent damage is done. 
'I^he collateral circulation must be maintained, i. e,, the dilatation is 
pe rma nent. The walls of the dilated arteries become thickened to 
accommodate the increased pressure. It is e\^idcnt that the efficiency 
of the collateral circulation will depend on two factors: (1) the state 
of the vessels, and (2) the strength of the heart. In an old person 
whose vessels are diseased owing to arteriosclerosis and whose heart 
is weak, the collateral circulation may be inadequate and gangrene will 
result. What has been said of ligature of an artery is equally true of 
obstruction from embolism. 

Infarction. —An infarct is an area of coagulation necrosis resulting 
from a sudden arrest of circulation in the artery supplying the part, 
'riie word means a stuffing of blood (infareire, to stuff), but this is not 
an essential feature of the process, depending on the collateral circula- 
tion and the looseness of texture of the part. It is only in the lung and 
the bowel that the part is stuffed with blood. In most of the viscera 
the anastomoses are less abundant than in the limbs. Cohnheiin called 
these arteries end-arteries, but the term is not strictly accurate; they 
anastomose with neighboring vessels, but the anastomoses are not 
sufficient for the needs of the part, and ischemic necrosis results. More- 
over the neighboring vessels may be narrowed b^' arteriosclerosis, so 
that they are still less able to assist the injured part. This is well 
exemplified in the case of the coronary arteries. 

After a transient initial period of hyperemia the infarct becomes 
ischemic and pale. The area is wedge-shaped owing to the fan-like 
distribution of the vessels. The collateral circulation endeavors to 
pdiii* blood into the part, and owdng to dilatation of the capillaries 
a hemorrhagic border is formed around the infarcted area. If this 
border is wide enough the entire area becomes hemorrhagic and 
stuffed with blood. An infarct may therefore be pale or red, the 
difference depending on the excellence of the collateral circulation. 
Infarcts of the kidney and heart tend to remain pale, those of the 
spleen tend to become red, while in the lung they are always red. 

'I^hc redness is due to dilatation of the anastomotic vessels. Blood 
is forced into the collapsed vessels of the ischemic area, so that the 
part becomes stuffed with red cells. The over-distended vessels may 
give way, so that hemorrhage occurs. This is most marked in poorly- 
supported capillaries such as those of the lungs and to a lesser degree 
in the spleen. In about two hours the red cells become fused together 
into a homogeneous mass in which their outline can no longer be 
distinguished. 
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The tissues in the ischemic area undergo necrosis and die, and 
within forty-eight hours the infarct of the kidney is completely necrotic. 
(Fig. 29.) The necrosis is coagulative in type, so that dim outlines 
of the tubules and glomeruli may remain for a long time. The area is 
evidently kidney, but it is a city of the dead from which all life and 
activity have long since vanished. In sections the whole infarcted 
area stains diffusely with eosin, but at the margin nuclear remains 
may be seen, and the phenomenon of karyorrhexis is often very welL 
marked. The nuclear fragments are apt to be mistaken for the nuclei 
of polymorphonuclear leucocytes. At the margin there is an extreme 
degree of hyperemia, and the hyperemic zone may be of considerable 
width. The hyperemia may be attributed to the irritation produced 
by the dead tissue. In old-standing cases a zone of fibrous tissue may 
be formed around the infarct. 



Fig. 29. — Infarct of kidney. The infarcted area is necrotic and is surrounded by a dark 
zone of congestion. Note tho plugged artery. X 8. 

The gross appearance of an infarct of the kidney is very characteristic. 
(Fig. 30.) An irregular area is observed on the surface, often slightly 
depressed and surrounded by a pink zone of hyperemia. The cut 
surface shows an area which may be wedge-shaped or irregular involv- 
ing the whole width of the cortex and some of the medulla, pale in 
color and surrounded by a pink border. 

In the spleen the process is very similar, but the collateral circulation 
is better, so that the infarct may be either red or pale. Old infarcts, 
however, are always pale, for the hemoglobin is gradually removed, 
the red cells disappear, and decolprization takes place. 
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Infarctimi of the heart is the result of thrombosis of one or more of 
the coronary arteries; only in very rare instances is it due to embolism. 

It constitutes one of the 



Fig. 30. — Infarct of kidney. There are several pale 
areas of infarction in the cortex. 


most important forms of 
heart disease, and is con- 
sidered in detail in connec- 
tion with diseases of that 
organ. 

Pulmonary embolism and 
infarction are naturally very 
frequent, because an em- 
bolus which originates in 
the veins or in the right 
auricle will be arrested in 
the lungs. The condition 
is of great surgical import- 
ance because of the fre- 
quency with which it follows 
operations, especially oper- 
ations on the female pelvis. 
In one large surgical clinic 
it is estimated that 7 per 


cent of the postoperative deaths over a series of years were due to this 


cause. At present we arc powerless to prevent or anticipate this com- 


plication. It is necessary to distinguish between pulmonary embolism 


and infarction. There may 


be : ( 1 ) embolism without 

infarction, and (2) infarc- 
tion without embolism. 
(1) A large embolus may 
occlude the pulmonary ar- 
tery or one of its main 
branches (Fig. 31), and the 
patient dies of shock in a 
few minutes; in such a case 
there is no time for an 
infarct to develop. In a 
case of suspected pulmon- 
ary embolism special care 
must be taken with the 
autopsy. The pulmonary 
artery must be opened with 
the heart in situ, else the 
embolus is apt to be dis- 
lodged. The heart . jand 



Imngs ar^ then removed en 
mn ss^ apd the _ branches 
of the artery carefully 


Fig. 31. — Pulmonary embolism. A twisted em- 
bolus occludes the pulmonary artery and ixs two 
main branches. The patient died in the course of 
a few minutes. 
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opened. A post-mortem clot may be mistaken for an embolus. The 
embolus is more dry and brittle than the clot, and often shows a twisted, 
bent, or curled appearance which is very .characteristic. In an embalmed 
body the clot may be as dry as an embolus, but microscopic examination 
will show the more complex structure of a true thrombus (fused plate- 
lets, etc.). (2) On the other hand, an infarcted area, an area stuffed 
with blood, may be produced by thrombosis of one of the pulmonary 
veins quite apart from embolism. Postoperative emboli may be 
divided into three groups: (1) Large emboli which occlude a main- 
artery and cause death with acute respiratory distress in the course 
of a few minutes. (2) Medium-sized emboli which produce the physi- 
cal signs of an infarct. (3) Small emboli which give rise to character- 
istic symptoms (sudden pain in the side, spitting of blood) but no 
physical signs. The accident usually occurs in the second week of 
convalescence, but may occur during the first two or three days. 
Pulmonary embolism may take place in the puerperium. 

Belt has shown that pulmonary emboli are even more frequent 
than had been suspected. By eareful dissection he had been able 
to demonstrate emboli in 10 per cent of autopsies. There is no other 
autopsy finding which is so easily missed. Embolism was found more 
often in medical than in surgical cases. In at least 60 per cent of the 
cases the emboli arose from thrombi in the veins of the leg and pelvis, 
most of which were unrecognized during life. The deep veins of the 
calf, which are usually not examined at autopsy, are perhai)s the most 
frequent site of origin of the thrombus. The largest group was that 
of congestive heart failure— coronary, rheumatic or hypertensive in 
origin. In most of the cases the venous thrombosis was spontaneous, 
and unassociated with any apparent inflammation in the veins. In a 
later communication Belt points out that recovery is not always com- 
plete after a non-fatal attack, for organizing emboli may produce 
cicatricial stenosis of the pulmonary arteries and thus lead to secondary 
thrombosis. 

The use of anticoagulants such as heparin and dicumarol, either 
singly or combined, has proved of great value in preventing fatal 
pulmonary embolism. The fatal embolus is often preceded by minor 
attacks of embolism, or the occurrence of venous thrombosis in the leg 
may be recognized clinically. Both of these are danger signals which 
may suggest the use of anticoagulants. Ligation of the veins in the 
leg has also been used to prevent pulmonary embolism. 

Infarcts of the lung are always red because the organ has, a double 
blood supply. Holman has shown experimentally that while small 
infected emboli introduced into the venous circulation always cause 
marked changes in the lung in the shape of abscess formation and 
hemorrhagic infarction, sterile emboli produce practically no evidence 
of their presence in the deflated lung. When, however, the lung is 
expanded by inflation the embolic areas can be seen to be paler than 
the surrounding lung, so that the lung should be inflated at autopsy 
in examining for sterile embolic areas. The bronchial artery supplies 
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blood for nutrition at systemic pressure, whereas the pulmonary 
artery supplies blood for oxygenation at one-third of that pressure. 
The bronchial artery scr\-es the important function, of filling both 
circulatory beds with blood beyond an embolus. The collateral cir- 
culation is therefore abundant. Two results follow from this: (1) 
Occlusion of a pulmonary artery in a healthy lung is not followed by 
infarction, because of the abundant anastomosis. If the circulation 
in the lung is impaired as in chronic venous congestion, embolism 
readily results in infarction. In postoperative cases, particularly when 
the abdomen has been opened, there is always such impairment 
owing to interference with the respiratory movements and to the 



Fia. 32. — Infarcts of lung. Two infarcts are seen at the surface of the lower part of the 
lung. The artery passing to the lower infarct is filled by a pale embolus. 

patient lying on his back. (2) The infarct is hemorrhagic and remains 
red. In course of time the infarct will disappear, but if the lung is 
inflated and careful search be made, small peripheral scars will often 
indicate the site of previous infarcts. Castlcman has shown that these 
lesions can be detected in roentgen-ray films as fine white lines, whilst 
microscopically they can be recognized by the presence of irregular 
elastic fibers presenting a bizarre curley-cue arrangement. The infarct 
appears as a firm bright red, wedge-shaped area; the base of the wedge 
is at the surface and covered by a thin pleural exudate. (Fig. 32.) 
The pleurisy is the cause of the characteristic pain in the side and the 
friction rub. The infarct is raised above the surrounding level and 
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feels firm to the touch. The raised appearance is due to collapse of the 
surrounding lung when the chest is opened; if the chest is roentgen- 
rayed before being opened, the infarct will be seen to be depressed, not 
raised (Castlcman). The cut surface is quite dry. The extent of the 
infarct varies enormously, often quite small, but sometimes involving 
the greater part of a lobe. Microscopically the alveoli are stuffed witli 
blood, and their outlines are no longer visible, owing to necrosis of the 
alveolar walls. The i>resence of blood in the sputum is thus easy to 
understand. 

Should the embolus be septic the -element of infarction is obscured 
by the development of abscesses, usually multiple. 'I’he infected em- 
boli may reach the right side of the heart vixi the superior vena cava 
(septic thrombosis of the lateral sinus and jugular vein, etc.), or via 
the inferior vena cava (septic thrombosis in the puerperal uterus, etc.). 

Infarction of the liver resembles infarction of the lung in that the 
infarct is of the red variety and for the same reason, the liver having 
a double blood supply. It differs from it in being coinparatix ely rare. 
The embolus originates as a thrombus in a branch of the portal A ein 
(stomach, appendix, etc.) and, as a rule, produces a hemorrhagic bland 
infarct in which there is little necrosis. Jf the embolus is septic the 
result is one or more abscesses of the liver, a condition known as portal 
pyemia and by no means rare. 

Kmholiwt of the nieftenteric artery leads to infarction of the boxxel 
and constitutes one of the acute abdominal catastrophes. The supe- 
rior mesenteric is the vessel usually involved, '^llie sudden loss of the 
blood supj)ly of the bowel wall is followed by gangrene and other 
consequences which are described in Chapter XX. 

Cerebral evibolmn leads to infarction of the brain and subsequent 
cerebral softening. Necrosis is followed by liquefaction, so that a cyst 
ina;>’ be formed. 

Einboliam of the central artery of the retina results in sudden blindness 
with necrosis of the retina. 

Paradoxical Embolism. This term is applied to the case where an embolus 
arises in a vein but lodges in a systemic artery instead of in the pulmonary 
artery. The occurrence is rare, but an important exam])le of the so-called 
“crossed” embolism is cerebral embolism with hemiplegia following puerperal 
thrombosis of the pelvic and femoral veins. The usual explanation given is 
that the embolus has passed through a patent foramen ovale. If the foramen 
is really large this is possible, but in many of the cases the foramen is small 
or completely closed. In these case<5 the following possibilities may occur: 
(1) Clumps of bacteria may pass through the pulmonary capillaries and lodge 
in the cerebral vessels where they set up thrombosis with resulting softening 
of the brain and hemiplegia. (2) Infarction of the lung which is so common 
in puerperal thrombosis may cause thrombosis of the pulmonary vessels, and 
from this an embolus may arise which may pass to the brain. (3) An endo- 
carditis on the left side of the heart may complicate puerperal sepsis, and the 
vegetations may form emboli which lodge in the brain. 

Retrograde EmboUsm.— Retrograde embolism is the plugging of a vein by 
an embolus moving in a direction contrary to the normal blood flow. Various 
explanations have been given of this rare occurrence, but none are satisfactory 
enough to warrant mention. 

6 
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Fat Embolism.— Globules of fat may enter the blood stream and lead to 
embolism. It is probable that fat gains entrance to the blood very frequently 
in fractures of bones, in operations on stout people, and in crushing injuries, 
but corresponding clinical results are uncommon. At the same lime, as WaHbin 
points out, the possibility must be borne in mind in all injuries to bone, and 
the fatal cases have been wrongly diagnosed as shock, coma, concussion, etc. 
There is no clinical correspondence between the apparent injury and the 
resulting lipemia which may be fatal. Direct trauma is not necessary, and 
fat embolism may occur as the result of osteomyelitis, suppuration of fatty 
tissues, burns of the skin and the convulsions of tetanus, eclampsia, and 
strychnine poisoning. The introduction of oil into the posterior urethra maj' 
cause fat embolism, especially if there has been previous urethral instrumenta- 
tion, for the posterior urethra is an active absorptive bed. It may follow 
poisoning by phosphorus and potassium chlorate, and I have seen very exten- 



Fio. 33. — Fat emboli in kidney. Frozen section stained for fat. X 100. 


sive lesions in a young woman who had taken some poison either for suicidal 
purposes or to produce abortion. The fat enters torn veins, so that globules 
and cylinders of fat are found in the pulmonary capillaries, but unless frozen 
sections and fat stains are employed the fat will not be stained. (Fig. 33.) 
Small globules may pass through the pulmonary capillaries and lodge in the 
brain, the glomeruli of the kidney, etc. In the kidney the fat globules can be 
recognized as clear spaces in paraffin sections stained by ordinary’’ methods. 
(Fig. 34.) Fat regularly appears in the urine, a sign of diagnostic value. An 
even earlier sign is the presence of free fat and fat-granule alveolar cells in 
the sputum (Warthin). In the brain there are petechial hemorrhages in the 
white matter with a fat globule in the center of each. In the few cases in which 
symptoms appear, these usually come on at twenty-four hours and resemble 
those of surgical shock with preliminary edema. There may be convulsions 
and coma from cerebral involvement, and death follows in some of the cases. 
Fat emboli of the coronary arteries may cause cardiac symptoms. 
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Air Embolism. --Air may enter the circulation as the result artificial 
or if one of the large veins in the neck is opened during an 
operation, etc. It occurs about once in every“500 to^lOOp pneumothorax treat- 
ments. In the Vast majority of cases no hafln" results. The rare fatal cases 
mav be due to the air converting the blood in the heart into a froth which 
makes proper cardiac contraction impossible, or bubbles of air may reach the 
brain. It is when a vein is only partially severed thus preventing its collapse, 
that there is danger of air embolism. This is particularly true of the large 
veins in the neck where there is marked negative venous pressure. When a 
vein in the neck is cut in the course of an operation on the thyroid, the first 
sign is a hissing sound in the wound, the so-called “sifflement,” as air is sucked^ 
in. The result is dyspnea, cyanosis, coma, and finally death. Many cases 
are due to the injection of air, with or without fluid, into the uterus in the 
production of criminal abortion; the placenta becomes separated, and air enters 
the large uterine veins. My colleague Dr. W. L. Robinson has seen 5 such 



Fig. 34. — Fat emboli in kidney. Paraffin section. The spaces represent fat which has 
been dissolved out. X 200. 

cases in a comparatively short period. In these cases the inferior vena cava 
is distended with bubbles of air, and should be inspected before the heart is 
removed. In opening the heart in a case of suspected air embolism special 
precautions must be taken. All vessels entering the heart must be tied before 
it is removed, and it must be held under water when the chambers are incised, 
so that any bubbles of escaping air may be detected. 

Caisson Disease. — Caisson disease in which air embolism is largely respon- 
sible for the symptoms is considered in Chapter XII. 

Tumor Emboli and Bacterial Emboli.— These need only be mentioned. The 
former is discussed in connection with tumors, the latter in conneeffion with 
pyemia. 

lormphatic Embolism.— Tumor cells may be carried along lymph vessels to 
the regional lymph nodes. Clumps of bacteria may pursue the same route. 
When the normal channels are blocked, as in carcinoma and tuberculosis, the 
emboli may pass along channels in a direction opposite to that of the normal 
flow; this is a form of retrograde embolism. 
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EDEMA 

Edema is a singularly complex subject, the fundamental principles 
of which until recently have been little understood. There are several 
forms of edema, only one of which is directly connected with circula- 
tory disturbances. Nevertheless it is convenient to discuss the whole 
subject here. The question of the regulation of water exchange is 
not included in this discussion. 

Edema or drops}’^ is an abnormal accumulation of fluid in the tissue 
spaces and serous cavities. This accumulation may be local or general, 
a distinction of great importance; in the former the causal factor is 
local, in the latter it is general. When water collects in the tissues it 
may be in free or combined form. When combined it is united with 
the protoplasm of the tissue elements. When free it lies between these 
elements and can be mo^•ed from one place to another. For this reason 
a pit is left when an edematous part is pressed on ; this is known clini- 
cally as “pitting on pressure.” Sometimes there is a solid edema, in 
which case there is no pitting on pressure. The water is taken up 
maiiil}’ by the connective tissue of the muscles and skin, or rather 
the subcutaneous tissue. An initial accumulation of water cannot be 
detected clinically. Indeed it is only when 5 or 6 liters haA e collected 
in these water depots that edema becomes evident. But this invisible 
accumulation of fluid is indicated by a steady increase in weight. 

I'he A'olume of water in the blood must be kept constant, so that it 
is not allowed to accumulate within the vessels. When a person drinks 
a large quantity of water it is absorbed in the blood, but rapidly passes 
out into the tissues and is retained in the w^ater depots. It must be 
remembered that in a person of average weight there arc 35 kg. of water 
in the body, but that only 5 of these arc in the blood while 30 are in 
the tissues. As the kidneys excrete water from the blood, the water 
in the tissues passes back into the blood. The water in its passage 
must traverse the walls of the capillaries. Some of the fluid in ^he 
tisiiues is, carried off by the lymphatics. It will thus be seen that the 
amount of fluid in the tissues depends on the following factors: (1) 
the amount of fluid ingested; (2) the condition of the capillary walls, 
with which may be included the condition of the general circulation; 
(3) the (H)ndition of the tissues (distribution of electrolytes, concen- 
tration of sodium chloride, degree of oxygenation, amount of acidosis, 
etc.); and (4) the condition of the kidneys. There is in addition the 
question of a nervous regulatory mechanism of water exchange Avhich 
may be disturbed. The complexity of the problem now becomes 
evident, and the impossibility of stating with certainty which factor 
or factors are at fault in any particular case. 

Edematous fluid closely resembles, lymph; the one is normal, the 
other abnormal, interstitial fluid. It contains less proteins, and the 
specific gravity is lower— 1.006 to 1.012. It does not readily coagulate 
when removed from the body, but sometimes a thin clot may form. 
No clotting occurs within the body (e. g., in the serous cavities). At 
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the same time it must be recognized that the composition varied with 
the mode of production and the ejtiologi^cal agent. A distinction may 
be drawn between a traasudate^nd an exudate. A transudate is 
ordinary edematous fluid; the specific gravity is below 1.015 and the 
protein below 3 per cent. An exudate is the fluid of an inflammatory 
edema; the specific gravity is above l.QlS.^and the protein above 4 per 
cent. Clotting is more marked when tlie fluid is removed from the 
body, and may occur within the serous cavities. It is evident that an 
exudate more closely resembles blood plasma than does a transudate." 

Tissue Changes.— Au edematous tissue has a pale watery appear- 
ance. Subcutaneous tissue may come to resemble jelly. In the lung 
where edema of the alveoli is very common, the affected part may 
feel solid, but fluid pours from the cut surface. The brain acquires a 
characteristically wet appearance. TTnder the microscope the tissue 
elements arc widely separated by watery material which can be best 
demonstrated if the tissue is fixed in boiling formalin so that the fluid 
does not escape. In well-fixed specimens the fluid appears as fine 
granules. I'lu' fluid of edema is not always intercellular. Cells and 
fibrin may become edematous and swollen; the change is similar to 
hydrojiic tlegeiieration. 

Varieties of Edema.— Fluid may collect in the tissues under a 
variety of conditions which bear no relation to one another. Edema 
may be local or general. Of course, in general edema the condition 
may be more pronounced in one locality, but the etiological agent acts 
generally. Tlie main forms of edema are inflammatory, ohstr active, 
cardiac, and renal. Inflammatory and obstructive edemas are local, 
cardiac and renal edemas are general. To these must be added anyio^ 
neurotic and allied forms of edema; also the edema of chronic starvation 
and that variety of it known as war edema. Instead of taking these up 
seriatum it will be better to consider the various fa(?tors which may 
cause edema, and then return to the special forms of the condition. 

Causes of Edema. — There are three main clauses of general edema, 
and a fourth factor which comes into play in local edema. In addition 
to these there are a number of secondary factors which will have to 
be considered. The primary factors in general edema are: (l)^la- 
ciieased pernieability of the capillary wall, (2) decrease of the colloid 
osmotic pressure of the plasma proteins, and (3) increase of the capillary 
blood-pressure. The additional faetor in local edema is (4) lymphatic 
obstruction. 

1 ! Increased Permeability of the Capillary Wall. —The normal capillary 
wall is a semipermeable membrane through which water and salts can 
pass in either direetion with the greatest ease. Much has been written 
about increased permeability of the vessel wall as a cause of edema, 
especially in inflammation. The endothelial wall cannot become more 
permeable to water and crystalloids, because it already is completely 
permeable. Moreover, the rate of passage of these materials and their 
amount is independent of the condition of the capillary wall, being 
determined entirely by forces on either side of the wall, either in the 
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blood or in the tissues. But the outward passage of colloids is inti- 
mately related to the condition of the vessel wall. Under normal 
conditions protein is prevented almost completely from passing from 
the blood into the tissues, but when the vessels are injured by toxins, 
lack of oxygen, etc., they become readily permeable to protein, as is 
seen in* inflammatory edema. In the kidney this causes albuminuria, 
while elsewhere there is what Eppinger has called “albuminuria into 
idle tissues.’' The passage of the large protein molecules is favored by 
dilatation of the capillaries, due in turn to relaxation of the branching 
Rouget cells, and Xrogh believes that this is one of the major factors 
responsible for the great escape of protein in the edema of inflammation. 

The escape of protein is of the greatest importance in the pro^ction 
of edema, for it lowers the colloid osmotic pressure of the blood and 
raises that of the tissues, as a result of which water readily passes out 
through the capillary wall. The increased permeability to protein is 
thus a major factor in the production of edema. 

2. Decrease of the Colloid Osmotic Pressure of the Plasma Proteins.— 
We have seen that the water of the blood can escape with the greatest 
ease into the tissues. The force ivhich holds it back is the colloid 
osmotic pressure of the proteins. If an animal is bled repeatedly but 
kept alixe by reinjection of the red blood cells, the plasma proteins 
will fall to a low level and marked edema will develop. A fall of 
plasma protein below 5 per cent will cause edema. For this reason 
long-continuc^ anemia is apt to be associated with edema. Marked 
ascites, when the fluid is rich in protein, as in malignant disease of 
the peritoneum, may lead to generalized edema (anasarca) owing to 
the severe plasma-protein loss. The different proteins of the plasma 
have different colloid osmotic pressures, albumin being about four 
times stronger than globulin. It follows that when there is a great loss 
of albmnin from the blood, as in the albuminuria of chronic Bright’s 
disease (wet nephritis, nephrosis), with a reversal of the normal albu- 
min-globulin ratio (3 to 1), edema wnll result. The colloid osmotic 
pressure depends therefore partly on the total amount of plasma pro- 
teins, partly on their relative proportion. 

3. Increase of the Capillary Blood-pressure.— The pressure in the 
capillaries is the force which overcomes the colloid osmotic pressure 
of the plasma and enables the normal passage of nutritive fluid into 
the tissues. If it is increased, edema will result. The pressure in the 
capillaries depends upon the venous blood-pressure and not upon the 
arterial pressure. In cardiac failure the venous pressure rises markedly, 
and the increased capillary pressure leads to edema. The stretching 
and dilatation of the capillaries also renders them more permeable. 
The edema which follows thrombosis of the main vein of a limb is 
largely due to an, increase, in the capillary_hlood-pressurc. It must 
not be thought, however, that fluid can only leave the blood through 
the capillaries. Rous and his associates have shown that in the case 
of the skin the permeability of the vessels to a slowly diffusible vital 
dye is much greater in the A^enules than in the capillaries. There is a 



edema 


87 


mounting grade of permeability along the capillaries, being lowest at 
the arterial and highest at the venous end. 

4. Lymphatic Obstruction.- This is an important factor in the pro- 
duction of local but not general edema. Much of the intercellular 
fluid in the tissues escapes by way of the lymphatics, so that obstruc- 
tion to outflow through these channels will cause local edema. The 
obstruction may be due to inflammation, the presence of tumor cells 
within the lumen, or Filaria bancrofti, a parasitic worm which may 
block the channel. Pressure from without produces the same effect'. 
This pressure may be due to a tumor or to collection of fluid. As the 
fluid increases the lymphatic obstruction becomes more marked, so 
that a vicious circle is formed. For this reason removal of part of 
an effusion in a serous sac is often followed by disappearance of the 
remainder, for reduction of the pressure allows the lymph channels 
to be opened up and the fluid to be drained away. Examples of lym- 
phatic edema are the swelling of the arm which may develop in cancer 
of the breast; elephantmsis or swelling of the legs, scrotum, etc., seen 
in most marked form In obstruction due to filaria; cliyhua ascites and 
chylothorax, effusions of chylous fluid in the abdominal and pleifral 
cavities due to obstruction of the thoracic duct by filaria, tumors, 
enlarged glands, etc. Ntm-paras'itic elephantiasis is an edema of the 
leg occurring mostly in young women, due apparently to chronic 
lymphangitis of unknown origin. Milroy^s disease, or hereditary edema, 
is also probably lymphatic in origin. 

Secondary factors are the osmotic pressure in the tissues and chloride 
retention due to renal insufficiency. It is evident that if the protein 
of the plasma es(*apes through the capillary wall the colloid osmotic 
pressure of the tissue will rise, and on that atx’ount water will pass out 
of the vessels. Chloride retention is a secondarj^ but not a primary 
factor; it aggravates and continues an already existing edema, but does 
not initiate the condition. It used to be thought that the edema of 
Bright’s disease was due to retention of the chlorides in the tissues 
owing to inability of the kidneys to excrete them. This popular 
fallacy is now exploded. Removal of the kidneys or mechanical ob- 
struc?tion of the urinary passages is followed by complete salt retention 
and an enormous accumulation in the blood and the tissues, yet no 
edema develops. Moreover the kidney in wet nephritis is quite able 
to excrete salt. The salt is retained because of some extrarenal factor. 
But although salt retention is not a primary factor in the production 
of edema, yet once the (condition of edema is established and the 
chlorides pass into the tissues with the water, the greater the amount 
of salt available, the more water will be retained in the tissues because 
of the increase of the osmotic pressure there. That there is a real 
relation between salt retention and edema is shown by the fact that 
in renal edema the withdrawal of salt from the food is often followed 
by rapid disappearance of the edema and a corresponding increase in 
the flow of urine. Martin Fischer’s idea that the chief cause of edema 
is an increased water-binding power (hydration capacity) of tissue 
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colloids owing to an accumulation of acid products the result of insuffi- 
cient oxygenation, although attractive because of its simplicity, has 
had to be abandoned for the present. 

Elwyn points out that there is a unitary mechanism for maintaining 
a constant volume of water in the blood, the chief parts of this mechan- 
ism being the muscles and skin which act as water depots and the 
kidneys which excrete the water. This mechanism appears to be 
under the influence of a nervous center in the hypothalamic region of 
the cerebrum. Disturbance of this center may thus alter the water 
balance. 

With these additional facts in mind we may briefly review some of 
the various forms of edema which have already been mentioned. 

Inflammatory Edema.— The swelling which is one of the cardinal 
signs of inflammation is largely due to edema. Owing to the ac*tion of 
the irritant the permeability of the capillaries is increased and fluid 
pours out into the intercellular spaces. This fluid is rich in protein. 
Owing perhaps to the formation of a network of fibrin the fluid cannot 
be moved about through the tissues as in other forms of edema, nor is 
it influenced by gravity. There are other factors besides injury to the 
vessel walls, but •these and other matters connected with the edema 
of inflammation are discussed in detail in the next chapter. If the 
inflammation involves the pleura, pericardium, or peritoneum these 
serous sacs are filled with fluid from which fibrin is deposited on the 
surface. 

Caxdiac Edema.— This might better be called congestive edema, for 
it is apt to develop in any long-standing condition of venous congestion, 
though usually due to progressive cardiac failure. The obstructive 
edema seen when a large vein becomes thrombosed belongs to the 
same group. The fluid is loose in the tissues and readily changes its 
position under the action of gravity, so that it first appears in the 
dependent parts. The serous sacs become filled with fluid. For some 
reason the effusion is much commoner in the right pleural sac than in 
the^left. Several factors are probably at work. Owing to the failing 
circulation there is an increase of pressure in the veins and capillaries. 
For the same reason there is back pressure in the lymphatics. The 
capillary walls are stretched and rendered more permeable. Oxygena- 
tion is poor and the vascular endothelium suffers in consequence and 
fails to hold back the water, but this factor is probably not of much 
importance, else the proteins would come through in larger amounts. 

Pulmonary edemn is a variety of cardiac edema. As the left side of 
the heart fails, blood accumulates in the lungs and fluid passes from 
the distended capillaries into the alveoli. The cemdition is most 
marked in the dependent parts of the lung. The changes are described 
in the section on the Lungs. 

Renal Edema.— This resembles cardiac edema except that the fluid 
is Jess influenced by gravity. Nor are the serous sacs involved so soon. 
The protein content and specific gravity are much lower than in cardiac 
edema, indeed lower than in any of the edemas. Blood exfuiiiriation 
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will at once differentiate the two, for in edema due to chronic nephritis 
the blood cholesterol is markedly raised, while in cardiac edema it is 
normal. is, JxL.^cute nephritis, in the subacute or 

wet stage, and in the condition known as nephrosis, which is probably 
merely a variant of true nephritis. In all of these the edema is asso- 
ciated with marked albuminuria but not with a high blood-pressure. 
Indeed as the blood-pressure goes up the edema tends to disappear. 
A number of factors appear to be responsible. In wet nephritis and 
nephrosis there is a fall in the blood proteins and a reversal of the 
normal (3 to 1) albumin-globulin ratio; both of these reduce the 
osmotic pressure in the blood so that water passes into the tissues. 
Crystalloids, especially sodium chloride, arc retained in the tissues 
and raise the osmotic pressure there, so that when water is drunk it 
passes into the tissues instead of into the urine, what I'ishberg calls a 
prerenal deviation of water. 

Cachectic Edema. In many wasting diseases and anemias edema develops 
in the later stages, affecting the feet and legs particularly. Several causal 
factors may be at work. There is likely to be (lardiac exhaustion and circu- 
latory failure, the nutrition of the vessel walls is interfered with, the blood 
proteins (^specially in anemia are lowered and the osmotic pressure falls. 

Famine Edema. -In prolonged undernutrition and chronic starvation edema 
may develop. This was common among prisoners on the Continent during 
the World War. The blood proteins are very low owing to absence of pro- 
teins from the diet, so that the osmotic pressin*e falls and fluid leaves the blood- 
vessels. It is probable that absence of vitamin A has something to do with it, 
because in many cases there develops the ulceration of the cornea (xerophthal- 
mia) characteristic of deficiency of that vitamin. 

Neuropathic Edema.— Nervous disturbances aj^pear to play a part in the 
])roductiou of some edejnas. When the femoral vein is tied there is no edema, 
but if the sciatic nerve is also cut the vasoconstrictor impulses are also removed 
and edema develops. Edema may occasionally develop in nervous disorders, 
the IVost-knowii form being angioneurotic edema in which there is a sudden 
though transient edema affecting one area of the body (arm, etc.). Recent 
work suggests that this is a manifestation of allergy, a hy person si tiven css of 
the A'essels to some circulating protein, but this theory cannot be regarded 
as proved. 

Hereditary Edema. Milroy's Disease. —This is a chronic edcmi without 
any evident cause or constitutional disturbance. It is markedly hereditary. 
Milroy observed 22 cases in a family of 97 individuals (six generations). It is 
confined to the lower limbs, affecting one or both legs. The leg may be very 
greatly swollen. The condition should be distinguished from the non-parasitic 
form of elephantiasis, a condition which is usually confined to women, whereas 
Milroy^s disease is efiually common in both sexes. 

SHOCK 

TJic basis of shock is essentially a circulatory disturbance, so that 
it may be considered here. This mysterious and sinister condition is 
liable to dev elop after: (1) extinisiye^ operations, particularly those 
involving handling of the abdoininar viscera; (2) acute abdominal 
catastrof)hes (perforation of stomach or bowel, strangulated hernia, 
acute pancn^ititis) ; (3)- severe injuries; (4) extensive hemorrhage. 
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The condition has continually to be guarded against by the surgeon, 
and is of special importance in war injuries. 

The appearance of a person in shock is characteristic. He lies quite 
still, apparently unconscious, of his. surroundings, but can answer ques- 
tions dowly and correctly. The face is. pale and gray, drawn and 
anxious, and the skin is cold and clammy. The temperature is sub- 
normal, the pulse feeble, the respirations shallow and sighing, and the 
blood-pressure alarmingly low. Shock fortunately may be only a 
temporary condition; it is. a step toward death, but a step which the 
patient can retrace in a few hours. 

Causes.— Moon puts the matter in a nutshell when he remarks that 
the shock syndrome results from a disparity between, the volume of 
blood and the volume-capacity of the vascular system. There may be a 
decrease in tlie blood volume, an increase in the volume-capacity 
of the vascular system, or a.combination of these. The blood volume 
may be decreased by hemorrhage, and by transudation of serum 
through the capillary walls with resulting increased concentration and 
viscosity of the blood and rise in the red cell count and hemoglobin 
percentage (an important factor in shock due to severe bums). Shock 
is a circulatory deficiency characterized by decreased blopd volume, 
decreased cardiac output, and increased concentration of the blood. 

A distinction must be drawn between 'primary shock which follows 
immediately on the receipt of a severe injury and secondary shock 
which may not develop for twenty-four hours. In primary shock the 
chief factor is the discharge of nociceptive nervous stimuli which lead 
to 'widespread capillary paralysis. In secondary shock the commonly 
accepted explanation of the capillary paralysis is the widespread action 
of a histamine-like substance liberated as a result of the bruising of 
muscles. During the World War Bayliss and Cannon showed that 
experimental bruising of muscles in animals was followed by shock, 
but if the main vessels of the limb were first tied no shock developed. 
Injection of extract of the bruised muscles produced the same effect. 
Dale has shown that the injection of histamine^ a cleavage product of 
protein produces an identical result. The observations of Blalock 
have thrown doubt on this explanation of secondary shock. Blalock 
points out that bruising of muscles is accompanied both by hemor- 
rhage into the part and by a great extravasation of seriun due to 
increased permeability of the capillaries. There is therefore a great 
decrease in the volume of the blood with resulting shock. Accessory 
factors undoubtedly play a part. Thus cold, exhaustion, depression, 
and general anesthesia (especially ether and chloroform) predispose 
to the development of shock. 

Nature of Shock.— Shock, like eclampsia, might be called “the 
disease of theories,” and several pages might be filled in discussing 
them. It is probably a mistake to look for a single causal factor; in 
most cases of shock in man a variety of factors come into play. The 
essence of the condition seems to be a relative disappearance of blood 
from the heart and great vessels, so that the heart has not sufficient 
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fluid on which to contract. Much used to be written about “the 
mystery of the lost blood.’' In shock due to hemorrhage there is of 
course no mystery. In other cases it is now known that the blood has 
disappeared into the vastly dilated capillary bed or into the tissues 
owing to transudation of serum. The patient may therefore be said to 
biped into his own capillaries or into his tissues. In a state of health 
only a small amount of the capillary bed is open at any one time. 
The blood flows through only a limited number of glomeruli in the 
kidney , at the same time. According to Krogh the volume of blood in 
the active muscles of a guinea-pig may be 275 times as great as when 
the muscles are at rest, and if the entire capillary bed were opened up 
there would be 750 times as much blood. If, then, something can 
paralyze the vast capillary bed of the body and cause it to dilate, the 
blood w;ill disappear into it as if sucked up by a sponge, the blood- 
pressurp will fall, the heart will be unable to beat properly, and the 
brain will suffer from anemia. 

The lesions are those which might be expected from these general 
considerations, as Moon has shown both in the experimental animal 
and in man. They are most marked in the lungs and the gastro- 
intestinal tract. The lungs are dark and filled with blood. The liver 
and gastro-intestinal tract are intensely congested. All this is in 
marked contrast to surface structures, which are pale and bloodless. 
Microscopically the pulmonary capillaries are widely dilated and the 
alveoli are filled with fluid ; it is a picture of puhnonary congestion and 
edema. In the wall of the intestine the increased capillary permeability 
is evidenced by petechial hemorrhages and edema. Similar lesions are 
found in fulminating influenza and severe burns, conditions in which 
the clinical picture is one of shock. The lesions are thus the reverse 
of those seen in severe hemorrhage. 

ADDITIONAL READING 

Air Embolism. Hamilton and Rotiistein: . 1 . A. M. A., 1935, 104, 2226. 

Capillaries. Kuooh: Anatomy and Physiology of Capillaries. New Haven, 1922. 
Landis: Heart, 1930, 16, 209. Lewis: The Plood Vessels of the Human Skin 
and Their Responses. London, 1927. Mufson: Am. J. JMcd. Sci., 1932, 183, 
632. Smith and Rous: ,J. Exper. Med., 1931, 64, 499. Wrkjht and Duryeb: 
Arch. Int. Med., 1933, 62, 545. 

Clotting of Blood, db TakXts: Arch. Surg., 1944, 48, 105. 

Congenital Hydrops. Ferguson: Am. J. Path., 1931, 7, 277. Wanstrom: Am. J. 
Path., 1933, 9, 623. 

Edema. Klwyn: Am. .1. Med. 8ci., 1930, 180, 781. 

Pat Embolism. Bencke: Beitr. z. path. Anat. u. z. allg. Path., 1897, 22, 343. 
Gauss: Arch. Surg., 1924, 9, 593. Vance: Arch. Surg., 1931, 23, 426. Warren: 
Am. J. Path., 1946, 22, 69. Warthin: Intcrnat. Clin., 1913, 4, 171. 

Heparin. Best: Brit. Med. J., 1938, 2, 977. Howell: Physiol. Rev., 1935, 16, 
435. JoRPEs: Heparin: its Chemistry, Physiology and Application in Medicine. 
London, 1939. 



92 


CIRCULATORY DISTURBANCES 


Histamine. Dale, Laidlaw and Richards: Medical Research Council, Special 
Report Series, No. 26, 1919; J. Physiol., 1918, 62, 112; 1918-1919, 62, 355. 

Infarction. Karsner, et al.: J. A. M A., 1911, 67, 951; J. Med. Res., 1912, 27 
205; 1916, 34, 21; J. Exper. Med., 1913, 18, 507. 

Paradoxical Embolism. Barnard: Quart. J. Med., 1929, 23, 305. Thompson and 
Evans: Quart. J. Med., 1929, 23, 135. 

Pulmonary Embolism. Belt: Am. J. Path., 1934, 10, 129; Brit. Heart .1., 1939, 
1, 283; Lancet, 1939, 2, 730. Holman, et al.: Arch. Surg., 1929, 19, 1216; J. 
Thor. Surg., 1932, 1, 339. Wharton and Pierson: J. A. M. A., 1922, 79, 1904. 

Pulmonary Infarct. Castleman and Hampton: J. Tech. Methods, 1941, 21, 5. 

Shock. Blalock: Arch. Surg., 1930, 20, 959. Cannon: Traumatic Shock. New 
York, 1923. Moon: Ann. Int. Med., 1935, 8, 1633; Arch. Path., 1937, 24, 642; 
.\m. J. Med. Sci., 1942, 203, 1, Shock and Related Capillary Phenomena. New 
^’ork, 1938. Moon: Shock. Its Dynamics, Occurrence and Management. 
Philadelphia, 1942. O’Shauohnessy and Slome: Brit. J. Surg., 193*1-1935, 22, 
589. Rukstinat: Arch. Path., 1932, 14, 378. 

Stasis. Rotnbs and KREYBERti: Acta path, et microbiol. Scandinav., Supp. 
1932, 11, 162. 

Thrombosis. Frykholm: Surg., Ojmec. and Obst., 1940, 71, 307. Silberbero: 
Physiol. Rev., 1938, 18, 197. W” right: .1. Path, and Bact., 1942, 64, 461. 

Thrombosis and Embolism. Cohnheim: Lectures on General Pathology (h'nglish 
translation). London, 1889. Welch: Allbutt and Rolleston’s System of Medi- 
cine, 1909, 6, 691, 762. 



CHAPTER IV 


INFLAMMATION 

Inflammation is the most common, the most carefully studied, and 
the most fascinating: of the changes which the body undergoes as the 
result of disease. Its history is the history of pathology. For two 
thousand years it remained an enigma. Not until Virchow laid the 
solid foundation of modern pathology by his doctrine of Cellular 
Pathology was it possible to solve the riddle of the sphinx. And yet 
at the present day there is no subject in the whole of pathology which 
is more thoroughly understood, although there are still many funda- 
mental problems which demand investigation. “For the development 
of the sound pathologist,” as Adami remarks, “a full knowledge of the 
factors concerned in the inflammatory process and a right appreciation 
of the doctrine of inflammation is as essential as to the orthodox 
theologian is a right attitude in respect to the doctrine of the Trinity.” 

Definition. Inflammation is the local reaction of the body to irri- 
tation. There is a general reaction which will be considered later under 
the heading of Infection. The local inflammatory reaction presents 
two phases. The object of the first is to destroy and remove the irri- 
tant; the object of the second is to repair the damage done to the 
tissues. ' Thle^ is subserv^ed by the wandering mesodermal cells 
whether of the blood or the tissues, the second by the fixed cells of 
the part. IVTany pathologists confine the term inflammation to the first 
of these processes, considering the second as a manifestation of repair. 
Such a procedure is quite justifiable, but we prefer to adopt the wider 
conception. Degeneration of varying degree is always present. The 
histological picture of inflammation is therefore made up of three 
features, although dift’ering greatly in intensity; these features are 
degeneration, exudation and proliferation. 

Causes. — From our definition it is evident that any irritant may 
act as a cause of inflmiimation, so that a full list of causes vvould include 
every known irritant. These irritants may be divided into two great 
groups, the living and the nor living. Of the living irritants by far 
the most important are the pathogenic or disease-producing micro- 
organisms. Of less importance are the animal parasites. Both of these 
act as irritants mainly by virtue of chejnical^jnis^^ which they pro- 
duce, and to a lesser degree by the meehagaiofil, jj-ritation which they 
excite. The pathogenic bacteria usually excite an acute reaction, as 
a result of which both the cells and the fluid part of the blood pass 
from the vessels into the tissues. Some produce a more chronic form 
of reaction, characterized in the main by proliferation of the tissue 
cells- examples of such chronic irritants are the microorganisms of 

( 93 ) 
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tuberculosis and syphilis. The non-living irritants may be divided 
into physical and chemical. Among the 'physical irritants may be 
mentionedjtrauma, the presence cf a foreign body, the action of undue 
heat and cold (burns and frostbite), of pressure, of light, of electricity, 
of roentgen-rays, of the radiations from radium, etc. Chemical irri- 
tants include strong acids and alkalis, and poisons of every description. 

In the discussion which follows it should be borne in mind that 
there is no hard and fast line between an irritant and a stimulant. 
If an irritant is sufficiently weakened it becomes a stimulant. It 
follows, therefore, that while at the center of the inflammatory stage 
we shall find e\'ery evidence of intense irritation, away at the wings 
the tissues may respond as to a stimulant. 

The Essence of Inflammation.— The word inflammation takes us 
back a long way in the history of medicine. Literally it means a 
burning. The condition was studied clinically hundreds of years before 
any true insight was obtained as to the inner pathological meaning of 
the process. It was Celsus in the first century a.d. who named the 
famous “cardinal signs” of inflammation as calor, rubor, tumor and 
dolor in words which have subsequently become celebrated: “Now 
the characteristics of inflammation are four redness and swelling, 
with heat and pain.” In the course of time it became evident that 
these cardinal signs were the outward expression of vascular changes. 
In the middle of the nineteenth century Cohnheim applied the experi- 
mental method to the study of inflimimatioii and showed with a 
brilliance and conclusiveness which left no room for doubt the all- 
important part played by the vessels in the process. 

But the vascular changes are not the essence of inflammation. It 
remained for Metchnikoff in 1892 to demonstrate in his great work on 
the Comparative Pathology of Inflammation that the central theme of 
inflammation was the reaction of the wandering mesodermal cells 
aga inst the^ irritant. In the higher animals wdiich possess a vascular 
system these cells are for the most part contained within the blood- 
vessels. They are the leucocytes of the blood. The object and meaning 
of the vascular phenomena is to bring these mesodermal defense cells 
from the interior of the vessels to the outside where they can meet 
and cope with the irritant. The vascular changes are very striking, 
for the clinician they provide the cardinal signs of inflammation, but 
they are not essential. 

This becomes evident when we turn to the study of inflammation 
in animals without a vascular system and in non-vascular tissues 
such as the cornea. The wandering cells of the part gather around the 
irritant and cope with it just as surely as if they had come from the 
interior of the vessels. Metchnikoff made his fundamental observa- 
tions on the transparent body of the larva of the starfish. Introducing 
some rose-thorns beneath the epidermis, he found next morning that 
they were clustered around the amoeboid mesodermal cells, which 
fused into a plasinodial mass that shut off the irritant from the body 
cavity. When bacteria were introduced they were taken up by the 
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mesodermal cells, ingested, and destroyed. This is the simplest pos- 
sible example of the reaction of a multicellular organism to an irritant. 
It is an example of the essence of inflammation. Metchnikoff observed, 
moreover, that in the starfish larva, in the water-flea (Daphnia), and 
in other transparent bodies, whenever the injury ceased to progress 
reparative changes set in, changes which were not confined to the 
mesodermal cells, but involved all the cell layers. Even in the lowest 
forms of life, therefore, irritation excites repair as well as inflammation 
in the narrower sense of the term. 

In the non-vascular tisaue of higher animals the same sequence of 
events may be observed. The most convenient tissue for this purpose 
is the cornea. If the cornea be lightly cauterized in its center or if 
bacteria be introduced, the first result is death of the corneal corpuscles 
at the site of injury. Soon, however, a change may be noticed in the 
corputicles lying at a distance. They become enlarged, undergo divi- 
sion, throw out processes, and move to the site of irritation. This 
defense reaction is followed by repair. 

In man and other vertebrates the mesodermal cells of defense may 
be divided into the wandering cells of the blood (the leucocytes) and 
the resting wandering cells of the tissue. It is the former which f)lay 
the major part in the earliest stages of acute inflammation. Moreover 
there is a humoral factor of defense as well as a cellular factor, and 
the constituents of the humoral factor are contained in the blood 
plasma. It thus becomes necessary for both the white blood cells 
and the blood plasma to escape from the interior of the vessels in order 
that they may reach the irritant. This escape is brought about by 
the vascular phenomena of inflmnmation. 

The Vascular Phenomena. — We owe our present complete knowledge 
of the vascular changes in inflammation to the experimental researches 
of Cohnlieim, whose Lectures on General PathologN’, published in 1877 
and now available in English translation, slnuild be consulted by 
anyone interested in inflammation. It is remarkable how little has 
been added by subsequent observers. 

Cohiiheim's method was to draw out the intestine of a (‘urarized 
frog through an opening in the abdominal wall and spread the mesen- 
tery on the stage of the microscope. Or he shaved off the papillary 
surface of the frog’s tongue and observed the vessels in the base of 
the wound. Or the web of the foot may be used to which a mild 
irritant such as dilute acetic acid is applied. Whichever of these 
methods he employed, soon, as Cohnheim remarks, “a succession of 
appearances will be developed which are well calculated to fully engross 
your attention.” 

There may be a brief contraction of the vessels due to the stimulating 
effect on the vessel wall produced by the irritant when still weak in 
its action, but the first thing to attract attention is a dilatation of 
the .exposed vessels, most marked in the. arteries, then in the veins, 
and last of all in the capillaries. This paralytic dilatation is accom- 
panied by a temporary acceleration of the blood stream, followed later 



96 


INFLAMMATION 


by slowing. At this stage the vascular dilatation is very marked 
and innumerable capillaries come into view, because though previously 
empty they are now filled with blood, so that the active capillary bed 
is greatly increased and the vascularity of the part may actually be 
doubled. The increased vascularity is responsible for such cardinal 
signs 1" Tfidiirnni nurlllTir md hnat The slowing of the blood stream 
in the still dilated vessels becomes more and more marked, and if 
the action of the irritant is sufficiently intense there may be complete 
stasis or stoppage of the local circulation, with clotting (thrombosis) 
of the blood. The eff ect of the thrombosis is disastrous, for the tissues 
cannot survive when their blood supply is c*ut off, and death of the 
part (necrosis or gangrene) is certain. In the slower blood stream it 
now becomes possible to distinguish the indix idiial corpuscles. It is 
then seen that a rearrangement of the formed elements of blood 
has taken place. Under normal conditions the red and white cells 
flow intermingled in the central part of the vessel, forming an axial 
stream which is separatecl from the wall of the \'essel by a clear plas- 
matic zone free from cells. In the veins of the inflamed part the leuco- 
cytes fall out of the axial stream and come to occu])y the plasmatic 
zone. They tend to adhere to the vesstd wall, and seem to drag thenn- 
selves along with difficulty. In this way the inner wall of the vcnii 
becomes paved by an unbroken line of leucocytes without the admix- 
ture of a single red blood cell. This arrangement is si)oken of as the 
pavementing of the leucocytes. 

What follows next can best be described in the \’ivi(l words of 
Cohnheim himself. 'Tint the eye of the observer hardly has tin^e to 
catch all the details of the picture before it is arrested by a very uuvx- 
pected occurrence. Usually it is a vein with the typical peripluTal 
arrangement of the white corpuscles, but sometimes a capillary, that 
first displays the phenomenon. A pointed projection is seen on the 
external contour of the vessel wall; it pushes itself further outwards, 
increases in thickness, and the pointed projection is transformed into 
a colorless rounded hump; this grows longer and thicker, throws out 
fresh points, and graduall\' withdraws itself from the vessel wall, 
with which at last it is connected only by a long thin pedicle. Finally 
this also detaches itself, and now there lies outside the vessel a color- 
less, faintly glittering, contractile corpuscle with a few short ]>roeesses 
and one long one, of the size of a white blood cell and having one or 
more nuclei, in a word, a colorless blood corpuscle.’’ 

This mechanism hy which the white \)\ood cells pass through the 
waWs of the vessels is known as the emujratnm or diapeAlesis of the 
leucocytes. It is confined to the veins and in a lesser degree to the 
capillaries. The contour of the arteries remains smooth as before, 
nor can any leucocytes be seen adhering to their outer surface. 

It is not only the leucocytes which appear outside the vessel walls. 
Numbers of red cells may follow in their wake, but these numbers 
vary widely, depending on the nature of the irritant. No openings 
can be demonstrated in the capillary wall after the erythrocytes have 
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passed through. It may be that they close immediately. Or it is 
possible that the colloid protoplasm of the red cell simply flows through 
the endothelial cell, leaving no trace of its passage. When the red 
cells are very numerous the inflammation may be called hemorrhagic 
in type. If the walls of the capillaries give way small hemorrhages 
known as petechise may occur. 

The vascular endothelium docs not remain passive during this 
period of excessive activity. The lining cells become enlarged and 
proliferate, they assume a rounded form so as to project into the 
lumen of the vessel, and they exhibit amoeboid movement. In sections 
of inflamed tissue this swell- 
ing of the endothelium is a 
striking feature (Fig. 35), and 
if the observer is fortunate 
he may detect evidence ol cell 
division (mitosis). The result 
of these changes is twof^dd. 

First, the obstruction offered 
to the blood stream is an im- 
portant factor in retarding the 
flow, and second, the swelling 
of the cells probably facilitates 
the passage of the leucocytes 
between them. The sharpness 
of outline of the individual ele- 
ments which constitute the ves- 
sel is lost, the wall has become 
looser in texture, and its outer 
limit is nebulous. Through this 
protoplasmic sponge the poly- 
jnorphonuclear leucocytes can 
be observe<l making their way, Fks. 35. Swollen endothelial colls with louro- 
just as they may be seen «ytes pnssinK bet, ween them. X 1300. 

to pass between the epithelial 

cells of an inflamed raucous membrane or e\'en through the stratified 
epithelium of the skin, appearing unexpectedly on the intact surface. 
(Fig. 3().) 

Ilurrow's, in his suggestiA'e monograph on The Localization of Dis- 
ease, lays great stress on increased capillary permeability. lie con- 
siders that the essential vascular factor in inflammation is increased 
permeability of the injured cells, as the result of which substances 
can more freely enter and escape from the c,\'topIasm. The most 
permeabfe section of the small vessels appears to be the part where 
the capillaries terminate in the Axmules. Diapedesis begins in the 
smallest veins and then in the venous ends of the capillaries. It is 
at this point that oxygen tension is at its lowest, and the resistance of 
capillary endothelium to permeation depends on an adequate supply 
of well-oxygenated blood. The diapedesis of particles is probably due 
7 



98 


INFLAMMATION 


to differences of electrical potential, for all migrating particles carry 
negative charges, and are attracted to any tissue which is relatively 
electro-positive. 

The outward movement is not confined to the solid particles of the 
blood. The blood plasma also passes out into the tissues, the amount 
varying much with the nature of the irritant. In the tissues it may be 
responsible for much of the swelling, causing an inflammatory edema. 
The subject of the plasma in the tissues will be taken up when the 
inflammatory exudate is considered. 



Fig. 36. — Separation of elements of vessel wall; emigration of leufofytes. X 800. 


In inflammation there is not only an opening up of preexisting 
capillaries but also a formation of new vascular channels. This is 
accompanied by new formation of lymphatic capillaries (Pullinger and 
Florey). An astonishingly rich plexus of lymphatics is formed by the 
end of ten days. These vessels are only visible when injected owing 
to the colorless nature of their contents. They disappear as healing 
occurs. 

The Influence of the Nervous System, - vascular changes, both 

dilatation and exudation, are influenced by nervous impulses. If in 
one ear of a rabbit the vasoconstrictor nerve be cut and in the other 
ear the vasodilator nerve, and inflammation of both ears be then 
produced by means of hot water, a marked difference in reaction on 
the two sides can be observed. In the ear where the constrictor fibers 
are cut h>T)eremia is marked and complete recovery ensues. In the 
ear v.^here the dilator fibers are cut the vessels remain constricted, 
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stasis soon develops, and there will be a considerable amount of 
necrosis of tissue. When the nerve to a part is divided the normal 
constrictor impulses are cut off, and inflammation develops much 
more rapidly than usual. In such a part the capillaries permit a greater 
emigration of leucocytes and a greater transudation of lymph through 
their walls. 

It is evident that the more rapidly and completely a condition of 
hyperemia can be induced, the more satisfactory will be the inflam- 
matory response, the less damage will be done, and the more complete 
will be the return to normal. This provides an explanation of the 
value of hot moist {ipplications to an inflamed part. The fomentations 
act through the local vasodilator nerves, increasing the hyperemia, 
hastening the formation of an exudate, and limiting the spread of the 
infec?tion. It is possible that there may be a lil)eration of acetyl- 
choline at the nerve endings, and that this may produce a local action 
on the vessels. 

Phagocytosis. -A unicellular organism such as ari amoeba shows to 
a marked degree the power of taking foreign particles into its, body. 
The cell of which the organism is composed swallows or devours the 
particle. Hence the process is known as phagocytosis (plmgein, to eat). 
The mechanism is that of amoeboid motion, the same by which the 
leucocytes pass through the vessel walls. The cy toplasm of the cell 
flows out in one or more processes or jiseiidoyoclict , which surround 
the particle and draw^ it wdthin the body of the cell. Here it undergoes 
digestion, a vacuole being formed around it which contains a digestive 
ferment. If the particle can be dissolved and digested it gradually 
disappears; if not, it is dischar&ecLfrom the cell. 

The power of phagocytosis is one of the fundamental properties of 
protoplasm. This is brilliantly' demonstrated by' the w ork of Metchni- 
koff, whose name will be forever associated with the process which 
he has traced through the lower members of the animal kingdom in 
his book on the Comparative Pathology' of Inflammation. An ex- 
cellent account of the historical development of the concept of phago- 
cytosis is contained in Fried’s paper. Phagocytosis is the means by 
w^hich uourislimcnt is taken into the body of the cell. It is therefore 
e.vhibited by' a large variety of cells in the higher animals. Most 
highly' developed in the w'andering mesod€?rmal cells, it is also seen in 
various epithelial cells, endothelial cells, and fixed connective tissue 
cells. Of the fixed cells, those which constitute the reticulo-endothelial 
system possess phagocytic powers in the highest degree. In the 
inflainmatory exudate the group of large mononuclear cells know'n 
collectively as macrophages play^ the part of scavengers, removing 
dead leucocytes, erythrocytes, and tissue cells. A macrophage may 
contain half a dozen smaller cells within its cy'toplasm. The name w’as 
used by MetchniKoff to distinguish it from the microphage or smaller 
phagocytic cell, in other w'ords the polymorphonuclear leucocy'te. 

Phagocytosis, originally' a means by which the cell absorbed nourish- 
ment, has been used by the body as an instrument in the removal of 
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irritants. When the unicellular stage of the protozoa is left behind 
it is found that the wandering mesodermal cells, which appear between 
the ectoderm and entoderm of multicellular animals, are par excellence 
the phagocytes of the body and therefore the body’s defenders against 
irritation. In vertebrates these cells are represented by the polymor- 
phonuclear leucocytes of the blood and the large mononuclear phago- 
cytes of the blood and of the tissues, those cells called by Metchnikoff 
the macrophages. The former engulf bacteria, both alive and dead. 
If a mixture of leucocytes and bacteria is incubated and a film is then 
spread and stained, numbers of the bacteria will be seen lying within 
the leucocytes. (Fig. 37.) The macrophages devour dead cells, blood 

pigment, inorganic particles, etc. 
They are true scavengers. They 
may also engulf protozoal parasites. 
In acute infiammation the poly- 
morphonuclcars play the chief part 
in the early stages, the macro- 
phages taking their place in the 
later stages. The two sets of cells 
react differently to different bac- 
teria. Thus the mononuclears will 
not take up streptococci or gono- 
cocci which the polymorphonuclears 
readily devour, but they will take 
up tubercle bacilli or leprosy bacilli. 

The dependence of the health 
of the organism on the phagocytic 
power of its wandering mesodermal 
cells is readily seen in the transparent body of the Daphnia or water- 
flea. When the Daphnia is invaded by some parasites, they are 
immediately attacked b,\' the leucocytes and are soon killed. Other 
parasites excite no response from the leucocytes, so that they multiply 
untit they fill the entire body of the Daphnia and bring about its 
destruction. 

It becomes apparent that both in the lower and in the higher forms 
of life the most potent means of removing an irritant is the process of 
phagocytosis. In MctchnikofT’s own words; “The primum movens of 
inflammation consists in a phagocytic reaction on the part of the animal 
organism. All the other phenomena are merely accessory to this 
process, and may be regarded as means to facilitate the a(!cess of 
phagocytes to the injured part.” These views appear commonplace 
now, but they met with strong opposition at the time. One of the 
principal critics was Ziegler who wrote as follows: “I look upon the 
phagocytosis which occurs in an inflammation as a purely accidental 
phenomenon which is often brought about for the simple reason that 
mobile cells happen to be present, together with a material capable 
of being ingested by them.” 

When foreign particles which cannot be digested have to be removed, 



Fig. 37. — Polymorphonuclear leucocyte 
containing bacteria. X 1250. 




THE VASCULAR VHENOMENA 


101 


such for instance as pieces of bone or cholesterol crystals, the macro- 
phages fuse together so as to form giant cells. Such a foreign body 
giant cell is a cytoplasmic syncytium containing a large number of 
nuclei. In this form it seems to have greater phagocytic power than 
when the cells act singly. These cells are seen in various chronic 
inflammations such as tuberculosis and syphilis. 

There is, however, another and more sinister side to phagocytosis. 
It has long been known that bacteria taken up by phagocytes may 
continue to live within the cells. An example of this is seen in the 
so-called lepra cells of leprosy, which are crowded with living leprosy 
bacilli. Goodp)asture, using as his culture medium the chorio-allantoic 
membrane of the chick embryo, has shown that the initial stage of 
infection may be an invasion of the mesodermal cells (fixed or mobile) 
or epithelial cells, that the bacteria may proliferate within these cells, 
and that they may be carried by mobile cells to a distance. This 
initial intracellular proliferation seems to represent the first step in 
invasion in the (;ase of many infections, and was obser^'ed with Strep- 
tococcus viridans, B. typhosus, Br. abortus, and B. tuberculosis, but 
not with Streptococcus hemolyticus and Staphj loeoccus aureus. 

The cellular side of inflmmnation is not the only side, as Metchnikoff 
was apt to imagine. If leucocytes are washed free from blood plasma 
and are then mixed with bacteria, no phagocytosis will occur. I^ i- 
deiitly some substances in the plasma are necessary for the reaction 
betwt^en leucocyte and bacterium to octmr. These substances are 
called opsoninSf and will be discussed further in the section on Im- 
munity. 

The Mechanism of the Vascular Phenomena.— The result of the 
vascular changes which have just been deserribed is to bring both 
the solid and the fluid constituents of the blood from the interior to 
the exterior of the vessels, where they encounter the irritant responsible 
for the reaction. It has been said that the object of the exudate is to 
destroy and remove the irritant, and that the object of the vascular 
phenomena is the formation of the exudate. A teleological view of 
this kind is a mistake. There is nothing transcendental about the 
process, which is governe<l by purely physico-chemical laws and must 
not be looked upon as purposive in nature. 

The varied changes of inflammation both in the vessel walls and in 
the blood and tissue cells are due to chemical stimuli produced at the 
site of irritation. The commonest of all irritants are bacteria, and 
these produce chemical substances which indirectly act upon the 
vessels. Even in aseptic inflammation caused by mechanical or 
thermal injuries there is destruction of tissue with the liberation of 
disintegration products which exert a similar action. An excellent 
account of the chemical side of inflammation will be found in Wells’ 
Chemical Pathology. 

The vascvlar dilatation which is so striking a feature is due to paral- 
ysis of the muscular fibers of the small arteries and veins. Krogh has 
shown that even the capillaries possess contractile power, and these 
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vessels also are paralyzed. It is probable that paralysis of the vaso- 
constrictor nerves may play a part in the earliest stage of inflammation, 
but as the vascular chfinges are seen in tissue which has been com- 
pletely separated from the nervous system it is evident that the chief 
action is a direct one on the vessel wall. 

Sir Thomas Lewis has shown that the vascular dilatation wdiich 
follo^vs firm stroking of the skin is due to the liberation of a histamine- 
like or "‘IF’-substance. He suggests that in the tissue destruction of 
inflammation a similar substance is liberated and sets in motion the 
vascular mechanism. “The agent that alarms the garrison and 
mobilizes the first or vascular defenses is a chemical agent derived from 
the tissues. The perfection of this mechanism is such that the defense 
is organized iminediatelx' and at every threatened point; it is arranged 
and carried through K)cally, being independent of higher systems of 
control (nervous) and of distribution (cardiovascular).*^ (Lewis.) 

The slowing of the blood stream may be attributed to three factors. 
Of these the most important is the increased peripheral resistance 
caused by the great swelling of the endothelial cells of the capillaries. 
This in turn is (lue to the action of metabolic acid products such as 
lactic acid, which l)y increasing the affinity of the cell protoplasm for 
water causes the cells to imbibe fluid and thus be(*oine swolk'ii. The 
second factor is the greatly increased concentration of the blood due 
to the copious out-pouring of plasma into the tissues, rendering the 
blood more viscous. The third is the increased resistance' to the flow 
caused by the accumulation of leucocytes along the inner surface of 
the veins. 

The escape of the blood plasma is probabl;v' due to a niunber of factors. 
The capillary walls are injured by the toxins and are thus rendered 
more permeable. The osmotic pressure of the tissues is increased, due 
to the colloid proteins being broken down into crystalloid substances 
with a high osmotic pressure. This disturbance of the osmotic pressure 
causes the plasma to pass from the vessels into the tissues. 

It'is the emigration of the levoocytes, however, which has the greatest 
suggestion of purposiveiiess. They multiply in the bone-marrow and 
thus increase in number in the blood stream, the\' pass through the 
walls of the vessels and accumulate at the site of irritation, and they 
finally engulf and devour the bacteria by the process of phagocytosis 
to be described presently. These actions seem intelligent and voli- 
tional, but they can be explained on a physico-chemical basis. The 
force which not only draws the leucocytes out of the bloodvessels 
but causes them to move through the tissues is known as chemotaxus, 
and has been defined as '‘a directional response to a substance in the 
environment” (McCutcheon). 

IVIenkin has shown that a crystalline nitrogenf)US substance can be 
obtained from acute inflammatory exudates which increases capillary 
permeability and induces prompt leucocytic migration. For this 
reason he calls the substance leucotaxine. It appears to be a poly- 
peptide formed as the result of the breakdown of proteins. It bears no 
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relation to histamine or the H-substance of Lewis. Menkin has also 
isolated from exudates a leucocytosis-promoting factor capable of 
exciting leucocytosis when injected intravenously in normal animals, 
and a necrotizing substance (necrosin) which appears to be liberated 
from the injured cells. 

The living amoeba responds readily to chemical changes in its envi- 
ronment. When a little dilute acid is placed in the neighborhood of 
the amoeba it will at once move towards it owing to the force of chemo- 
taxis, which in turn acts by lowering the surface tension. Leucocytes 
behave in exactly the same way, and move towards bacterial toxins 
even though they are at once killtxl by the latter. When the toxins 
are freed from their microorganisms the result is the same. Heat of 
moderate degree attracts both leucocytes and amoeba, a process known 
as thermotaxis. The most marked effect is obtained with temperatures 
approximating that of the body, 36*^ to 39° C. (97° to 102° F.). With 
higher temperatures the leucocytes cease to be attracted. These 
facts may be borne in mind when applying heat locally for therapeutic 
purposes. 

There is a negative as well as a positive chemotaxis. Such substances 
as quinine, alcohol, and lactic acid repel rather than attract the 
leucocytes. The result depends to some extent on the concentration 
of the material. If the solution is made sufficiently dilute the negative 
action is changed into a positive one. When bacteria are extremely 
\ irulcnt they cease to exercise any positive chcinotactic power, and 
merely paralyze the leucocytes. If the two ears of a rabbit are inocu- 
lated with an attenuated and a virulent culture respectively, in the 
former there will be a great accumulation of leucocytes with very 
little fluid, while in the latter there will be an abundant effusion of 
fluid but hardly any leucocytes. 

The various leucocytes show different degrees of response to chemo- 
taxis. The polymori)honuclear leucocytes are the most readily affected. 
The lymphocytes are much less acthc, probably because of the small 
amount of mobile cytoplasm which they contain. For this reason 
it seems likely that most of the cells of “small round cell” collections 
in chronic inflammation are derived from the tissues rather than from 
the blood. Of particular interest is the behavior of the white cells in 
an inflammatory focus in a patient with lymphatic leukemia. In this 
disease there may be 99 per cent of lymphocytes in the blood to 1 per 
cent of polymorphonuclears, and yet if an inflammatory blister of the 
skin is produced, the exudate consists of polymorphonuclear forms 
with hardly a single lymphocy te. The products of animal parasites 
attract the eosinophil leucocytes more than any other variety, so that 
these increase in number both in the blood and in the tissue affected. 

It is possible that other factors besides chemotaxis play a part in the 
emigration of leucocytes. Clark and Clark studied the vascular endo- 
thelium microscopically in a transparent chamber in the rabbit’s 
ear. In the early stages of inflammation individual leucocytes can be 
seen to stick at localized points of the vessel wall and then free them- 
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selves, due apparently to increased stickiness of the endothelium. Later 
the stage of stickiness is passed, and the endothelium separates into 
solid, hyaline globules. 

Let us now apply these general considerations to a given instance 
of inflammation. Bacteria gain entrance to the finger and produce 
chemical poisons. Even if the irritant is non-bacterial the tissues are 
injured, and the chemical products of cellular disintegration are liber- 
ated. These chemical substances act upon the walls of the vessels 
producing the paralytic dilatation and the swelling of the endothelium 
already described. They pass through the walls of the capillaries at 
the thinnest parts, probably between the endothelial cells, and exert 
their chemotactic influence on the leucocytes flowing past. They 
lower the surface tension of the leucocytes on the side nearest the 
capillary wall, so that they move from the center of the stream over 
to the wall, to which they tend to adhere in a sticky manner. Still 
under the chemotactic influence, the leucocytes push out pseudopodia 
between the endothelial cells, and finally pass through the vessel wall. 
They then move through the tissue spaces to the site of the irritant. 
The chemotactic substances are carried by the blood stream to the 
bone-marrow, where they repeat the process on the leucocytes stored 
there, lowering their surface tension on one side and drawing them 
into the blood stream. In this way a leucocytosis is produced, the 
supply being kept up by proliferation of the parent cells of the leuco- 
cytes, the myelocy tes of the marrow. As long as the blood contains 
more chemotactic substances than the marrow, the leucocytosis will 
increase. 



Fig. .38. — Photograph of living leufsocyto showing stretching of cytoplasm: (a) por- 
tion of leucocyte containing 3 red cells attached to slide; (6) migrating portion. (Mudd 
and Mudd. Jour. Gen. Physiology.) 

Phagocytosis may be regarded as a special result of the process 
which has just been described. The leucocyte merely continues its 
onward movement until it flows around the particle and engulfs it. 
Stuart Mudd and his associates have shown that phagocytosis involves 
the spreading of the leucocyte over the surface of the particle until 
the latter is completely enclosed; the capacity of spreading is the 
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principal factor. (Fig. 38.) The deposition of serum protein on the 
surface of the particle greatly increases this power. When leucocytes 
are examined at the interface of an oil-water mixture, their remark- 
able deformity at once becomes evident. This appears to depend 
on the wetting properties of the leucocytes; they are hydrophilic. Red 
blood cells, on the other hand, are hydrophobic and exhibit no de- 
formability. (Mudd and Mudd.) 

This explanation app>ears to be the most reasonable which can be 
offered at the present time to explain the cellular phenomena i:>f 
inflamination. As Wells remarks: “There seems to be no middle 
ground between such a physical theory and a metaphysical theory 
which would endow a single cell, without organs or nervous system, 
with the reasoning powers of highly developed animals, a position 
incompatible with the entire evidence of experience.’’ 

The Inflammatory Exudate.— 

The exudate which collects at the 
site of irritation is partly derived 
from the blood (hematogenous), 
partly from the tissues (histogen- 
ous). The various forms of leuco- 
cytes of the blood migrate through 
the vessel walls; the blood plasma 
also passes out, and gives rise to 
the formation of fibrin ; the wander- 
ing cells of the tissues accumulate 
at the site of irritation. These 
three constitute the inflammatory 
exudate. Red blood cells may be 
present in varying degree, but have 
no functional part to play. Let 
us now examine these various 
elements in greater detail. 

The Polsrmorphonuclear Leucocyte. 

—These cells are the active agents 
in acute inflammation, especially in 
its earlier stages. They arc called 
forth in particular by ,.:^e^i)i:pgcnic 
group of bacteria, and ,fonu..the 
chief- constituent of pus. The ordi- 
nary pus cell is a polymorphonuclear 

leucocyte. The great increase in 

the number of leucocytes in the Fio. 39.— Leucocytes collected at point 
blood which occurs during inflain- of bifurcation of a dilated vessel. X 200. 

Illation is an increase of the poly- 

morphonucleafs. In sections of inflamed tissue the vessels may be 
packed with these leucocytes. They are attracted not only by bacteria 
hilt by their toxins, as can be shown by the exj^riinental injection 
of a toxin freed from the microorganisms by which it is produced. 
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The cells collect in great numbers around the dilated vessels (Fig. 39), 
and they pass through the tissue spaces by their amoeboid movement. 
They are actively amoeboid and actively phagocytic. Their power 
of movement is remarkable, but jthey cannot swim through fluid with 
any degree of effectiveness. They must have a framework on which 
to crawl. If IS fibrin v?hich provides the interlacing pathways that 
bridge_across.. the, fluid-distended spaces on which the leucocytes can 
i^ye. The phagocytic power is shown towards bacteria rather than 
to dead and disintegrating cells. They form the first line of defense 
of the body against pyogenic bacteria, and constitute the microphages 
of Metchnikoff . Having devoured the bacteria they secrete a diges- 
tive ferment which brings about solution of the bacterial bodies. Large 
nimibers of the leucocytes are killed by the bacterial toxins, but even 
im their death tliey serve the body, for on disintegrating they liberate 
a proteolytic ferment which dissoh es the dead tissue, and thus hastens 
the process of ultimate recovery. This ferment has a similar action on 
fibrin, and tends to prevent its formation. In a fresh exudate the cell 
outline is sharp and the nucleus distinct, but as degeneration proceeds 
the cytoplasm becomes granular, the outline indistinct, and the nucleus 
eventually disappears. IMaiiy of the cells which survive pass back 
into the lymphatics and bloodvessels and reenter the general circula- 
tion. The polymorphonuclears are unable to reproduce themselves, 
while the mononuclears have this power. This is one reason (albeit 
a teleological one) why the former migrate from the vessels in such 
large numbers, for the multiplication of the latter takes time. Mcnkin 
points out that the differential leucocyte picture in the exudate at a 
given time in the development of the inflammatory^ reaction is a func?- 
tion of the H-ion concentration of the exudate. An acute pleural 
exudate induced by a chemical irritant gradually develops an acidosis, 
and at the same time the polymorphonuclears are replaced by mono- 
nuclears. If, however, the alkalinity is maintained there is no change 
in the cell count. When the pi I is alkaline the polymorphonuclears 
outnumber the mononuclears, when it is neutral tlie niunbers are about 
equal, when it becomes acid the polymorphonuclears degenerate and 
give way to mononuclears. Polymorphonuclears are unable to survive 
as local acidosis increases. 

The Eosinophil Leucocyte.— The eosinophils of the blood are few in 
number, constituting only from 2 to 4 per cent of the total white count. 
They appear early in the inflammatory exudate, and may disappear 
entirely from the blood. Their function is unknown, for they do not 
appear to be phagocytic. A marked increase in the number of eosino- 
phils in the blood (cosinophilia) is characteristic of infection by many 
animal parasites. Large numbers of these cells arc found in the tissue 
in which the parasite is lodged. In bronchial asthma the mucosa of 
the bronchi is often crowded with eosinophils. In both of these 
instances the eosinophilia may be a reaction against a foreign protein. 
A marked tissue eosinophilia is sometimes seen in appendicitis in the 
subacute or chronic stage. Eosinophils are frequently present in the 
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lesions in the lymph nodes in Hodgkin’s disease. In these latter 
instanees the cells may be derived from the tissues rather than from 
the blood. 

The Mast Cell.— This is a cell with coarse basophilic granules in 
the cytoplasm, and an indented or polymorphonuclear nucleus. It 
is the basophil leucocyte of the bloody present normally in very small 
numbers, and is also found in the tissues. These cells are observed in 
mild subacute inflammations, but they show a marked tendency to 
disintegrate, so that the granules alone may be seen. Mast cell stain 
mctachromatically with toluidin blue, and, as Jorpes has pointed out, 
tissues which arc rich in heparin stain in a similar manner. Examples 
are the subintimal tissue of bloodvessels, and subpleural and sub- 
peritont*al connective tissue. It is reasonable to suggest that mast 
cells are concerned with the production of heparin. 

The Lymphocyte.— In chronic inflammation and in the later stages 
of acute inflammation the lymphocyte may be the main cell of the 
exudate. The cells of such collec'tions are often called by the non-com- 
mittal name of “small round cells.” Some of these cells no doubt are 
derived from the tissues, but for the most part they come from the 
blood. “The complete ignorance of the function of the lymphocs te 
is one of the most humiliating and disgraceful gaps of all medical 
knowledge. They phagocytose neither bacteria nor other particulate 
matter. Congregated often in the more peripheral parts of the lesion, 
they have the appearance of phlegmatic spectators passively watching 
the turbulent activities of the phagocytes” (Rich). It is now known 
that antibody formation occurs largely in lymph nodes (McMaster 
and Iludack), and there is evidence to suggest that the lymphocytes are 
the cells which produce the antibodies, although some workers believe 
that these cells merely store and carry the' antibodies. Maximow 
bt‘lit'ved that l,>’mphocytes dexeloped into macrophages, because in 
tissu(‘ culture Ik* observed them acquiring a large amount of cytoplasm 
and th(‘ power of phagocytosis. Pathologists ha^’e not observed this 
transformation in tissue sections, but Kolouch has shown that it can 
occur raj)idly. By injt'cting egg albumin into the subcutaneous tissue 
of rabbits and examining imprints of the exudate at short intervals he 
was abh‘ to demonstrate the hour by hour dcA elopment of lymphocytes 
into phagocytic macrophages. The change was completed in less than 
eighteen liours. Kolouch ’s photomicrographs are very convincing. In 
chronic inflammation the lymphocytes remain for the most part as 
small round cells; in acute inflammation they appear to change into 
macrophages. 

The Plasma Cell.- IVo points regarding this cell are deserving of 
note. (1) It is never present in the normal blood, and (2) its form is so 
characteristic that it is readily recognized. (Fig. 40.) The plasma cell 
is larger than the lymphocyte with more abundant cytoplasm, it is not 
quite round but slightly polygonal in outline, and the nucleus is 
eccentric so tlnit thi' c*ell has a lop-sided appearance. The chromatin 
is collected n small masses around the peri])hery of the nucleus like 
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the figures on a clock-face. The cytoplasm is basophilic, and it pre- 
sents a clear area on the side of the nucleus which faces the center of 
the cell. It is probable but not certain that the plasma cell is a develop- 
ment from the lymphocyte. These cells are normally present in the 
intestinal mucous ineinbrane. They may be extremely abundant in 
various tissues in chronic inflammation. The synovial membrane in 
chronic arthritis may be crowded with plasma cells. Inflammation 
of the Fallopian tubes offers a good example. It is usually present in 
syphilitic lesions. It is seen in the Aschoff nodules of rheumatic fever. 
The part which this cell plays in inflammation is not known with 
certainty. Probably it is the same as that of the lymphocyte. 

The Macrophage. - Many 
names have been given to the 
large mononucleated cells which 
play so important a part in 
the later stages of acute in- 
flammation and in some types 
of chronic inflammation. 
Amongst such names may be 
mentioned pplyblasts (Maxi- 
mow), clasmatocytes (Ran\ ier) , 
adventitial cells (Marchand), 
large mononuclears, monocytes, 
histiocytes (Aschoff), and ma- 
crophages (Metchnikoff). Some 
of these niunes reflect doubt 
as to their origin. It is prob- 
ably two-fold : from the blood 
and from the tissues. 

In the discussion on the 
lymphocyte it was pointed out 
that there is good reason to believe that many lymphocytes derived from 
the blood become converted into macrophages at the site of inflammation 
by increase in the cytoplasm and enlargement of the nucleus. Ebert 
and Florey, using Clark s transparent observation chamber in the 
rabbit’s ear and moving picture technic, observed monocytes marked 
by vital dye and traced their passage through capillary walls into the 
tissues, where they became converted into macrophages. 

It is probable that the bulk of the macrophages are histogenous in 
origin, particularly from the rcticulo-endothclial system. They arc 
derived not only from cells lining blood sinuses, such as the Kupffer 
cells of the liver, but from the tissue cells of that system known as 
histiocytes. In addition to the fixed cells there are nomadic meso- 
dermal cells which have no fixed abode, but wander through the tissues 
by virtue of their amoeboid powers. The distinction between the fixed 
and the wandering cells can be most readily realized by studying tissue 
cultures, and can be demonstrated in a dramatic manner by projecting 
a moving picture of the culture on the screen, when the actively amoe- 



Fig. 40.- -Two plasma cells showing polyg- 
onal shape an<l eccentricity of nucleus. The 
other two cells in the center are lympho- 
cytes. X 1000. 
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boid and actively phagocytic nature of these cells becomes vividly 
apparent. 

MacCallum has given an unsurpassed description of such a picture. 
“The connective tissue cells grow out majestically and smoothly 
from the margin of the field, crossing and interlacing until a firm new 
structure is formed. Among these cells one may see others of quite 
different aspect worming their way with no thought of building. 
Arrived at the margin where they escape from the entanglement of 
these more serious fibroblasts, they show their true characters. Som^ 
are polymorphonuclear leucocytes, and they hop about within a 
limited area in a sort of ecstatic frenzy, evidently throwing out and 
retracting pseudopods at a great rate. Then there are lymphocytes 
which move humbly, like plugs crawling only a little way with head 
to the ground. But also there are macrophages which reach out great 
arms, perhaps in two or more directions, and at the end of these arms 
there is a flourish of clear protoplasm with outflung streamers that 
wave and search about for whatever can be seized, or else the whole 
advancing margin of the cell flows out and comes back like a wave, 
sucking in any particle that comes in its way.’’ In the fixed and 
stained tissue of a microscopic preparation the cells lose ail this vivid 
character, and appear as large pale rounded bodies with a vesicular 
nucleus and abundant cytoplasm. 

Carrel and Ebcling found that some features of the macrophage in 
tissue culture can be best studied by means of dark-field illumination. 
They give a graphic account of what is seen in this u:ay. The marginal 
portion or kinoplasm of the cell is an extremely thin membrane which 
is invisible when viewed by direct light but is readily seen in the dark 
field. It undulates incessantly like a delicate silk veil when blown by the 
wind, and it is from this structure that the pseudopods are formed. 
When the macrophage stops progressing and becomes circular the 
membrane unfolds and moves more rhythmically, like the waves of the 
sea on a sandy shore. Should a lymphocyte approach, it is rapidly 
enveloped by the foldings of the kinoplasm, and appears to glide into 
them toward the body of the macrophage, where it is finally digested. 
The kinoplasm appears to play the part of the spider’s web. 

It is these cells which form the scavenger cells of ordinary infiamma- 
tion^ the epithelioid cells. of tuberculosis and syphilis, the compound 
gr^ipii l a r corpuscles which surround an area of brain softening, the 
heajrt failure cells which take up blood pigpentiathedung.when the 
heaxt ii, failing, the hixge phagocytes which form a zone, .around a 
chroniQ , abscess, and finally, when the utmost in phagocytic action 
is needed, they fuse together to form giant cells. Their amoeboid and 
phagocytic character is tetter seen in smears made from inflammatory 
exudates and immediately fixed (Plate III) than in sections of inflamed 
tissue, in which the pseudopodia are retracted and the outline becomes 
rounded. 

Giant Cells.— When the individual macrophages are unable to deal 
with^particles . to be removed, they fuse together and. form multinu- 
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cleate^ giant cells. E3;c^lXei?.t. exsunples of giant cell formation can 
be seerT around a foreign body such ^s-ar fragment of bone, a piece of 
ligature, a crystal of cholesterol, or even a splinter of wood. (Fig. 41.) 
For this reason the cells are called foreign body giant cells. They may 
contain enormous numbers of nuclei, which cannot all be seen in one 
SLectioiiy ^inc&>tbe cell is spherical. It is believed by some that these 
cells may be formed by amitotic division of the nucleus, the cell body 
remaining undivided. Comparative pathology lends little supi)ort 
for this view. In the transparent larvae of the lower invertebrates the 
macrophages can be seen to cluster around a foreign body and fuse 
together into a multinucleated plasmodial mass which completely sur- 
rounds the intruder. Illustrations of this process may be seen in 
Metchnikoff’s book. Another method of studying the question is by 
the use of tissue cultures. When mesodermal cells are grown in culture 
they can often be seen to fuse together and form multirnu*leated giant 
cells. At the same time the possibility that some giant cells are formed 
by amitotic division of the nucleus cannot be denied. 



Fig. 41. — Sliver of wood surrounded by giant cells. X 300. 


It must not be supposed from this brief summary that the subject 
of giant-cell formation is as simple as it sounds. Ilaythorn’s excellent 
review of the whole subject contains 391 references. Three great 
classes of giant cells must be distinguished: (1) tumor giant cells, 
(2) foreign body giant cells, (3) a miscellaneous group. (Figs. 42 
and 43.) 

Tumor giant cdU are l>est seen in osteogenic sarcoma, ot bone, in 
gliomastoma multiforme (a malignant tumor of the neuroglia), in 
rhabdomyosarcoma (a malignant tumor of muscle), and in primary 
carcinoma of the liver. They are large cells, and have one or several 
nipclei, but these are never very numerous. The neuclci are often hyper- 
chromatic that they stain very darkly, and may vary considerably 
in size and shape, so that the cell has a more atypical neoplastic appear- 
ance than the Langhans' type of cell. The genesis is also different, 
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for tumor giant cells are formed by the nucleus of the cell dividing 
while the body of the cell fails to divide. These., giant .cells are not 
derived from the macrophages, but frojn the cells of the tumor, whether 
connective tissue or epithelial in nature. 



Fra. 42 Fio, 43 

Figs. 42 and 43. — Types of ^iant cells, 

Fig. 42. — Tumor ftiaiit cell witli sev('nil large nuclei. X 400. 

Fig. 43. Foreign body giant cell with a large number of smaller nuclei arranged 
around the periplaM-y and at one polo. X 700. 

The foreign body giant (rll is larger than an ordinary cell and may 
be of enormous size; it contains numerous nuclei, sometimes as many 
as 50 or 100. The nuchu* are regular in size and seldom large. In the 
ordinary type of giant cell engaged in removal of a foreign body, the 
iiucltM tire scattered through the cytoplasm. In the gitint cells so char- 
iicteristic of tuberculosis, also known as the Langhans’ type of giant 
cell, the nuclei tend to be arranged around the periphery or are col- 
lected at one or both poles of the cell. 

Foreign body giiint cells may be found in a great variety o: condi- 
tions. Of these the commonest is tuberculosis, but it is a great mistake 
to jump to the conclusion that a lesion containing giant cells must 
be tuberculous. They are found in other chronic destructive inflam- 
mations such as syphilis, leprosy, actinomycosis, and blastomycosis. 
In leprosy the cells may be crowded with bacilli (lepra cells), and in 
tuberculosis they may contain a smaller number of tubercle bacilli. 
Any destructive lesion of bone may contain giant cells. They form the 
most striking feature of the giant-cell tumor of bone. Giant cells may 
be found at the site of old heim)rrhages, but they are more often 
associated with attempted removal of cholesterol crystals. I have 
seen examples of this in atheroma of the aorta. The lesions of trau- 
matic fat necrosis often show numerous giant cells, and are easily 
mistaken for th(' lesions of tuberculosis. 

In addition to the two great groups of tumor giant cells and foreign 
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body giant cells, a third miscellaneous group may be recognized. In 
certain conditions of continued irritation the mesodermal cells become 
larger and may contain several nuclei. The large Aschoff cells of the 
rheumatic nodule offer one example. Another is the Dorothy Reed 
cell cif Hodgkin's disease. 

the Lymph of the Eicudate.— Under normal conditions a certain 
amount of blood plasma passes through the vessel walls into the tissue 
spaces where it constitutes the lymph. From these spaces it is absorbed 
into ithe lymphatics, and passes via the thoracic duct back into the 
blood stream. There is thus a continuous flow from the blood into 
the tissues, but the fluid is absorbed at an equal rate so that it does 
not accumulate in the tissue spaces. 

The lymph which escapes from the vessels is not the same as the 
plasma which remains; it is thinner and contains much less protein, 
owing to the selective action of the vascular endothelium. 

In inflammation the outward flow is enormously increased. By 
inserting a cannula into one of the chief lymphatics of the leg and 
then producing inflammation of the foot by immersing it in hot water, 
Cohnheim was able to show that the flow of lymph might be increased 
to eight times the normal. Drinker and his associates have recently 
amplified these observ ations. They found that the lymph flow in the 
inflamed part showed an extraordinary increase, and that the sub- 
cutaneous lymphatics were so greatly dilated that they could be injected 
with ease. It is evident that the lymphatics do not collapse as the 
result of pressure of the fluid in the tissues, as is sometimes supposed. 
The normal Ij mph pressure in the leg of a df)g is too low to be measured, 
but in sterile inflammation it rose to 120 cm. of lymph. The increased 
lymph flow lasted as long as twenty-four hours. The production of 
fluid is so great that it cannot be csirried away by the lymphatics, and 
therefore accumulates in the tissue spaces. Here it gives rise to 
inflammatory edema, which is the chief cause of the swelling of the 
part in acute inflammation. The lymphatic channels tend to become 
blocked with the inflammatory products; this increases the accumula- 
tion in the tissues. Inflammation of the lymphatics (lymphangitis) 
w^ill still further aggravate the condition. 

The principal factors in the production of inflammatory edema are 
in . the capillary wall and increased osmotic pressure in the 

tissues. 

The dispute regarding the filtration and secretion theories of the 
production of lymph must be left to the physiologists. We may take 
refuge in that non-committal term, the permeability of the capillaries. 
This is greatly increased by the action of the products of irritation on 
the vascular endothelium, so that the plasma is no longer held back 
within the vessels. Not only is the amount of lymph which escapes 
greatly increased; its quality is also changed. Normal lymph usually 
contains less than 1 per cent of protein, whereas in inflammation the 
lymph may contain as much as 8 per cent. 

Of much greater importance is the increased osmotic pressure of the 
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tis3we .fluids .fit the site of inflammation, which- is a far more powerful 
force than the pressure inside the vessels. Early in the inflammatory 
process as the result of tissue disintegration metabolic products are 
liberated, for the most part acid in reaction, and these so raise the 
osmotic pressure that fluid is drawn from the vessels to dilute them. 



FiO. 44. — Musole fibers of appendix widely separated by fluid exudate. X 200. 


The amount of the fluid exudate varies greatly, depending on two 
main factors, the irritant and the site. (1) The bite of a mosquito 
and the sting of a nettle are examples of irritants which cause a marked 
outpouring of fluid. In a blister the exudate is almost entirely serous. 
Influenzal pneumonia is characterized by an extreme degree of inflam- 
matory edema in the pulmonary alveoli. (2) The more open the 
tissue, the greater will be the exudate. It is most marked in serous 
sacs (pleurisy, peritonitis). In loose cellular tissues the fluid maybe 
abundant. It may separate the muscle fibers of the appendix in acute 
appendicitis. (Fig. 44.) In such dense structures as bone the amount 
is negligible. 

Fibrin formation is intimately associated with the inflammatory 
lymph. The fibrinogen of the plasma passes out with the lymph, 
and this is acted on by the thrombin liberated by the disintegration 
of the polymorphonuclear leucocytes with the production of fibrin. 
This takes the form of a series of fine threads interlacing with one 
another. (Fig. 45.) The amount of fibrin varies with the irritant and 
the location, just as does the amount of lymph. Some bacteria such 
as the pneumococcus and the diphtheria bacillus excite an abundant 
formation of fibrin. Much fibrin is formed on serous surfaces such as 
8 
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the pleura and the peritoneum. Proteolytic ferments liberated by the 
leucocytes tend to prevent its formation, so that in an abscess crowded 
with P US c ells no .fibrin will be formed. The fibrin plays an important 
part in the process of healings acting as a temporary scaffold on which 
the new tissue is built up. It may serve as a barrier against spread of 
the infection, so that in pneumonia the pneumococci do not readily 
pass from the lung into the pleural cavity. As an offset to these 
advantages is the fact that adhesions take their origin in the fibrin. 
Such adhesions are of value at first for they serve to localize the 
inflammation as in the case of an inflamed appendix. Later they may 
exact a penalty by undergoing contraction and thus gravely interfering 
with the function of the part affected. 



Fig. 45. — Exudate consisting mainly of fibrin. X 600. 

Relation of the Lesions to the Cardinal Signs. —It now becomes a 
simple matter to picture the pathological basis of the cardinal signs 
of inflammation. The heat is due to the increased amount of blood 
flowing through the part. The redness is also caused by the local 
hyperemia. The swelling is to be attributed in part to the vascular 
dilatation, but much more to the accumulation of exudate in the 
tissues. The chief constituent of the exudate responsible for the 
swelling is the lymph, the accumulation of which leads to inflamma- 
toiy edema. There may be marked enlargement of an inflamed 
appendix, even though the cellular exudate is slight. The pain is 
caused by pressure on nerve endings. If the tension is great, as in a 
dense structure like bone, the pain will be severe. Stretching of a 
serous membrane rich in nerves will also cause much pain. Loss of 
functum, varying in degree, is partly due to pain, partly to destruction 
of tissue. 

The Tissue Changes in Inflammation.— The vascular phenomena 
and the formation of an exudate do not constitute the whole pathology 
of inflammation. There are also tissue changes. These may be of 
two types, (1) degenerative and (2) proliferative. If the irritant is 
intense, the effect is degeneration and destruction. If it is mild it 
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acts as a stimulant, and the effect is proliferation. Growth will either 
be impaired or enhanced, the result depending: on the intensity of 
the irritant. At the center of the inflammatory area the action of the 
irritant is severe, so that degeneration predominates; at the periphery 
the action is mild, so that the tissue may be stimulated to proliferate. 
This part of the inflammatory process is known as repair or healing. 

The bacterial toxins poison the tissues of the inflamed part, leading 
either to degeneration or death {necrosis). Both of these processes 
have been discussed in the chapter on Degenerations. The two mo^t 
common degenerations are albuminous degeneration or cloudy swelling 
and fatty degeneration. If either of these is carried too far the affected 
tissue will die and become necrosed. Should thrombosis of the vessels 
occur, necrosis will be hastened, as the tissues have lost their food 
supply. In addition to the bacterial toxins, the proteolytic ferments 
liberated by the broken-down leucocytes play an important part in 
the destructive processes, although they are unable to act on li\'ing 
cells, '^rhese ferments produce liquefaction of the dead tissues. The 
result is the formation of the fluid known as pus. It must not be 
supposed that every inflammation goes on t() the formation of pus, 
and so becomes pundent in type. Some bacteria arc pyogenic or pus- 
producing. Most of the pathogenic cocci arc in this class and many 
bacilli. But some bacilli, such as the tubercle bacillus, lead to a 
proliferative reaction with little or no attempt at pus formation. Even 
the pyogenic cocci when few in number or of mild virulence may fail 
to produce a purulent inflammation. Large numbers of leucocytes 
are necessary for the formation of pus. If the exudate consists mainly 
of lymph or of fibrin, not sufficient leucocytes are present to produce 
the liquefaction which is necessary for pus formation. The .serum 
contains an antibody which tends to inhibit the proteolytic enzyme 
of the leucocytes, so that in serous exudates there will be no autolysis. 
The leucocytes of some animals, such as the rabbit, contain but little 
enzyme; such animals usually fail to produce liquid pus. Living cells 
are not affected by digestive cnzjmies. Thus in lobar pneumonia the 
dead cells of the exudate undergo autoI;)'sis (resolution), but the living 
walls of the alveoli are left intact. 

Inflammation of Serous Membranes.— Inflammation of the pericar- 
dium, pleura, peritoneum, etc., is usually serofibrinous in type, i. e., 
the exudate in the cavity is serous, but fibrin produced by coagulation 
of the exudate is laid down on the smooth surface of the membrane, 
covering it with a sticky shaggy exudate or in milder cases merely 
robbing it of its normal sheen and imparting to it a frosted or ^ound- 
glass appearance. Microscopically the exudate consists mainly of 
fibrin, with a varying number of polyniorphonuclears and some serum. 
As a result of the relative absence of pus cells from w^hich the pro- 
teolytic ferments of inflammation are derived, the fibrinous exudate 
is not removed by autolysis. Instead, it undergoes the process knowm 
as organization which will be studied in connection with repair. New 
fibroblasts grow into the exudate and remove it in part or whole. If 
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some of the exudate remains it is converted into dense fibrous tissue. 
If the two serous surfaces are stuck together by the exudate, as is 
often the case, the invasion of fibroblasts will sew the surfaces together 
at this point with permanent adhesions. 

Suppuratidn."— If the dead tissue in an inflamed area undergoes 
SQftening.ftncl liquefaction the process is known as suppuration and 
the fluid formed is pus. This is the method by which the dead material 
is removed from the body. There are three requisites for suppuration: 
(1) necro sis; (2) the presence of sufficient leucocytes; (3) digestio n 
of the dead .material by pmleolytie ferments. If any one of these is 
absent suppuration will not occur. Anything which will produce both 
positive chemotaxis and necrosis will produce suppuration. Not only 
pyogenic bacteria and their toxins, but aseptic irritants such as tur- 
pentine and croton oil will cause typical suppuration. The presence 
of leucocytes does not constitute suppuration. The tissues may be 
crowded with polymorphonuclear leucocytes, but suppuration and 
pus formation need not be present. (Fig. 46.) 



Fio. 46. — Muscle fibers of appendix separated by leucocytes but without suppuration. 

X 500. 


The digestive ferments are produced mainly by the leucocytes, and 
taa lesser extent by the necrosed tissue cells and the infecting bacteria. 
The part played by the leucocytes is readily shown by testing the 
action of pus on fibrin or egg albumen. This is easily dissolved by 
pus or purulent sputum, whereas non-purulent sputum has no effect. 
The action of the protease of the leucocytes tends to be inhibited 
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by the antienzyiries of the serum. On this account, if the exudate be 
rich in serum and poor in leucocytes, no liquefaction and suppuration 
will occur. Drainage of the serum by removal of the antienzymes 
may lead to liquefaction and removal of the dead tissue. In some 
animals such as the rabbit the leucocytes are poor in protease and 
the serum is rich in antienzymes. Opie has shown that in such an 
animal infection with the ordinary pyogenic cocci does not result in the 
formation of pus. The antienzymes appear to be of lipoid character, 
such as unsaturated fatty acids. Tuberculous caseous material is rich 
iu^uusaturated fatty acids and therefore resists liquefaction. The 
bacillus, appear also to destr()y^^the.autoi.vtic 
ferments. Another reason why the ordinary tuberculous lesion does 
not suppurate is that it does not contain leucocytes. If secondary 
infection occurs, or even if leucocytes are attracted to the part hy the 
injection of iodoform, liquefaction and suppuration will soon follow. 

The reaction of the inflavimaiory exiulate bears a relation to the 
cytological picture (Menkin). The TT-ion concentration increases as 
inflammation proctH'ds, due to the increased glycolysis, and there is 
a gradual shift from polymorphonuclears to mononuclears. When the 
pH drops below (5.5 most of the leucocytes are injured and frank sup- 
puration develops. 

Pm is the fluid product of suppuration. It is alkaline in reaction 
and usually y ellowish in color. It consists of pus cells and pus serum, 
but in addition it contains the debris of tissue destruction and bacteria 
living or dead. The pus cells are leucocytes, for the most part poly- 
morphonuclear in type. If the exudate is fresh as in the discharge 
from a recent gonorrhea, the details are sharp and the cells are well 
preserved. If the exudate is old, all details may be lost. 

The serum is inflammatory lymph to which are added the 
products of (*ell disintegration. It does not coagulate, because the 
fibrinogen of the blood plasma is destroyed by the enzymes of the 
leucocytes. It is for this reason that the exudate of a serous pleurisy 
when removed from the body will clot into a jelly-like mass, while the 
much thicker exudate of a purulent pleurisy (empyema) will remain 
uncoagulated. Pus serum contains a large amount of miclcoprotein, 
which is insoluble in acetic acid, as well as fats and lipoids (cholesterol), 
derived from the broken-down cells. Albumoses in the pus are absorbed 
into the blood, and arc often excreted in the urine, a condition of 
albumosuria. 

A tl a jfscess^ is an Q.xample of localized suppuration. The inflam- 
mation is limited to one area, and as the irritant is a pyogenic one, pus 
is produced. When staphylococci lodge in the kidney, an acute in- 
flammatory reaction results, the cells in the center of the focus are 
killed, and are liquefied by the proteolytic enzymes. (Fig. 47.) In 
this way a cavity is produced which contains fluid pus. The wall of the 
abscess cavity consists of damaged but still living tissues. It is here 
that the struggle goes on to limit the spread of the infection. (Fig. 48.) 
This limiting zone is crowded with polymorphpnuclear leucocytes and 




Fig. 48. — Wall of abscess in liver. At the left the liver cells are comparatively 
uninjured. At the right there is an acute inflammatory exudate. X 300. 
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the bowel and on to the abdominal wall. When an abscess reaches 
a surface, either skin or mucous membrane, the overlying tissue 
becomes necrosed, forming a slough, and when the slough is dis- 
charged an open sore or ulcer is produced. This is the usual fate 
of an abscess. An ulcer, which is an open sore, an interruption of 
surface continuity of skin or mucous membrane with accompanying 
inflammation, is, of course, frequently produced by injurious agents 
acting directly on the surface. 

An acute inflammatory lesion which discharges on the surface geti- 
erally heals quickly. Such a healing ulcer is called a healthy ulcer. 
Its floor is covered by pink granulations composed of the vascular 
connective tissue known as granulation tissue, any discharge which 
comes from it is slight and contains only a few pus cells, the edges 
are sloping and are bordered by a bluish-white line of ingrowing epi- 
thelium, and the surrounding parts are not inflamed. An ulcer may 
fail to heal and be unhealthy because of continued infection or defective 
circulation in the part. In such an ulcer the base is bathed with pus, 
the edges are ragged owing to continued tissue destruction, the epi- 
thelium shows no sign of covering the ulcer, the surrounding parts 
are inflamed and edematous or may be hard and sclerotic from fibro- 
blastic proliferation. (Fig. 49.) 



Fig. 49. — Non-healing ulcer. The epithelium on tho left shows no sign of growing over 
the inflamed floor of the ulcer. X 125, 

If the infection is mild or is overcome hy the defense reaction, the 
necrotic tissue becomes separatt‘d from the living tissue, partly because 
of liquefaction, partly owing to the phagocytic activity of the macro- 
phages. A small abscess may be shut off in this way from the sur- 
rounding tissue, and the walling off is intensified by proliferation of 
fibroblasts and the formation of a limiting zone of fibrous tissue. 

A boU is an abscess of a hair follicle or a sebaceous gland, caused 
by the Staphylococcus aureus which has penetrated the opening of a 
duct, owing it may be to repeated friction, so that it is commonest on 
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the buttocks or the back of the neck. There is marked fibroblastic 
proliferation, which, with intercellular formation of fibrin, causes the 
characteristic induration. The tension thus becomes, high and is 
responsible for the pain. There may be very little liquefaction of 
the necrosed tissue, so that the center of the boil is composed of a 
solid ‘*core’^ instead of pus. In a carbuncle the infection spreads to 
the subcutaneous tissue where it causes a more diffuse lesion which 
discharges on the surface by a series of openings, and from which toxic 
absorption is more liable to occur. The pus serum is absorbed into 
the lymphatics, the pus becomes inspissated, and the dead tissue is 
converted into a mass of fatty debris in which lime salts may be 
deposited. This fatty change with calcification is seen much more 
commonly in tuberculous lesions than in acute inflammation. 

The reverse side of the picture is presented by those cases where 
on account of the intensity of the irritant and also because of wide- 
spread thrombosis, there is not only necrosis of the surrounding cells, 
but death of the entire part. This is called gangrene. In this way a 
part or the w’hole of the appendix may die and become gangrenous. 

So far we have only considered suppuration limited to a circum- 
scribed area. The suppuration may spread through the tissues, a 
condition known as cellulitis. Streptococci are more likely to cause 
a spreading inflammation, staphylococci a limited one. This difference 
depends in part on the intensity of the local inflammatory reaction; 
this is much more severe in staphylococcal than n streptococcal in- 
fections. Menkin claims that this is on account of blocking of the 
lymph channels by fibrin. Staphylococci produce a clotting principle 
or staphylocoagulase which favors fibrin formation, whereas strepto- 
cocci produce a fibrinolytic principle which breaks down and prevents 
the formation of fibrin. For these reasons the constitutional reaction 
(due to widespread bacterial invasion) may be in inverse proportion 
to the intensity of the local reaction. 

Relation o£ Tissue Response to Type of Infection.— It must not be 
thought that inflammation is a stereotyped scries of changes which 
follow upon any infection of the tissues. The reverse is the case. 
The reaction to different irritants is very varied. Kettle has pointed 
out that the tissue response is often so characteristic that the type 
of infection may be deduced from the histological picture. Some 
bacteria show a predilection for certain tissues. The meningococcus 
usually attacks the meninges, the diphtheria bacillus the throat, the 
influenza bacillus the bronchial tree, the pneumococcus the lung, the 
gonococcus the urethra, the typhoid bacillus the lymphoid tissue of 
the bowel, the dysentery bacillus the intestinal mucous membrane. 

The histological picture may be so characteristic that a definite 
diagnosis of the infecting microorganism can often be made, even 
though it cannot be demonstrated in the tissues. The staphylococcus 
and the streptococcus are both pyogenic or pus-forming organisms, 
but the staphylococcus attacks skin and bone and gives rise to local- 
ized lesions with dense collections of leucocytes and abscess formation, 
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whereas the streptococcus often attacks mucous membranes, the exu- 
date is more fluid, the lesion less localized, and the infection spreads 
widely through the lymph spaces of the tissues. In pneumococcal 
infections there is an abundant fluid exudate rich in coagulable protein, 
so that a large amount of fibrin is formed. In anthrax, on the other 
hand, there is an abundant fluid exudate which does not coagulate, 
so that blisters are formed. The peculiarity of meningococcal and 
gonococcal infections is the extreme degree of phagocytosis; in the early 
stages practically all the bacteria are intracellular. In spile of this 
marked phagocytosis the organisms are not killed, and probably mul- 
tiply inside the leucocytes, which may thus serve to spread the infec- 
tion. In the inflammation of diphtheria there is intense necrosis 
combined with an abundant outpouring of coagulable fluid, so that 
the resulting fibrin binds the necrotic material together to form a 
false membrane. Leucocytes arc present at first, but undergo necrosis 
and disappear. The inflammation of typhoid infection is very charac- 
teristic, for it is confined to lymphadenoid tissue, and although the 
infe(!tion is an acute one the inflammatory cells arc mononuclear in 
tj pe with complete absence of polymorphonuclears ; the bacilli invade 
the blood stream. The dysentery hadllus, which so closely resembles 
the typhoid bacillus both morphologically and culturally, produces 
an entirely different reaction. It attacks the intestinal mucous mem- 
brane, polymorphonuclears are abundant, a necrotic diphtheritic 
membrane is formed, and there is no blood invasion. The histological 
response in rheumatic fever is the very characteristic Aschoff nodule, 
composed mainly of mononuclear and multinucleated histiocytes. 

In tuberculosvs the lesion is a productive or proliferative one, with 
the formation of a tubercle composed of mononuclear epithelioid cells 
and occasional giant cells. The response to infection by the Spirochaeta 
pallida is very similar. Actinomycosis also belongs to the group of 
the infective granulomata, but the tissue response to the strep to thrix 
shows important differences from that of tuberculosis and syphilis. 
The fungus causes necrosis and an abundant exudation of polymor- 
phonucli^ar leucocytes, so that an abscess is formed which is surrounded 
hy granulation tissue and further out by dense fibrous tissue. In 
addition to this acute reaction there are epithelioid cells and a very 
occasional giant cell. The anaerobic group of bacilli which produce 
gas gangrene gives rise to still another type of reaction. There is an 
extreme degree of necrosis, liquefaction of the necrotic material, and 
gas formation, but complete absence of an inflammatory reaction. 

Varieties of Inflammation.— A multitude of descriptive names have 
been applied to the various forms of inflammation. The meaning of 
most of these is self-evident, so that they need only be mentioned. 
An understanding of the principles which underlie the variations is far 
more important than any string of names. Serous inflammation is 
characterized by an exudate composed chiefly of serum. Pleurisy 
with effusion is an example. In fibrinous inflammation the chief ele- 
ment is fibrin. It is seen in dry pleurisy, in diphtheria, and in pneu- 
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monia. Purulent inflammation is suppuration. Catarrhal inflammation 
is a mild inflammation of a mucous membrane; the mucous cells pour 
out mucus with which are mingled desquamated epithelial cells and a 
certain number of leucocytes, but the process stops short of suppura- 
tion. A cold in the head is an example. Memhranmt^ or di'phtheriiic 
inflammation is a condition where the cells of a mucous surface are 
killed, an exudate is laid down on the surface, and the whole necrotic 
layer is bound by fibrin to the underlying tissue to form a “false 
membrane.’’ 

Allergic Inflammation.— When an animal or person is sensitized to 
bacteria by previous inoculation (i. e., is in a state of allergy), a sub- 
sequent injection of the same organisms will cause a violent local 
reaction with inflammatory changes which are much more extreme 
than in the normal animal. This condition may be called allergic 
inflammation. Its two main features are: (1) the large amount of 
exudate and the tendency to necrosis and destruction of tissue, owing 
to the union of antigen and antibody within the cells; (2) the increased 
phagocytic power of the leucocytes and macrophages, as a result of 
w’hich the infection is more readily overcome. In the chapter on Im- 
munity we shall have occasion to observe that only the first of these 
features is a manifestation of allergy, the second being dependent on 
the acquired immunity which accompanies the allergic state. If th(* 
condition is of benefit to the animal it is on account of the second, not 
the first, of these features. 

Chronic Inflammation.— When an irritant of low-grade intensity 
acts upon the tissues the result is said to be chronic inflammation, 
because it does not run the rapid acute course characteristic of acute 
inflammation. The tissue reaction is quite different from that of the 
acute form. It is often said to be productive in character, but the 
cells which collect in response to the irritation either come from the 
blood stream (lymphocytes, etc.), or are derived from those wandering 
tissue cells which go by the alternative names of histiocytes, mono- 
nuclears and macrophages. The only cells which proliferate are the 
fibroblasts. 

The infectious granulomas form a special group. The most im- 
portant member of the group is tuberculosis, but it also includes 
s>q>hilis, leprosy, and the mycoses which are caused by fungus infection. 
In its original sense the lesion was a mass made up of granulation 
tissue, but it has come to sigi^ify an infective condition in which histio- 
cytes are the principal cells, although lymphocytes, and plasma cells 
often play an important part. The histiocytes may become swollen, 
often containing lipoid material in tuberculosis; such swollen cells are 
referred to as epithelioid cells. These may fuse together to form the 
giant cells which are characteristic not only of all the chronic granu- 
lornata, but also of the inflammatory reaction produced by a foreign 
body. The accumulation of cells may be so great that the lesion may 
form a tumor-like swelling; this is the reason for the misleading term 
productive inflammation. 
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In an organ such as the liver or kidney an intense irritant producing 
acute inflammation will destroy both the highly specialized paren- 
chymatous cells and the more lowly developed connective tissue. An 
irritant of low intensity may kill the special cells, but only stimulate 
the flbrous tissue to proliferate, just as a degree of cold which will 
kill a race horse may merely stimulate a cart horse. John McCrae 
compares the parenchymatous cell to the professional man in a com- 
munity, specially trained, not prone to be physically hard, nor over- 
given to reproduction. The supporting cell is its laboring-class brother, 
physically strong, not readily injured, but ready in reproduction. 
Chronic hepatitis (cirrhosis of the liver) and chronic nephritis afford 
examples of this truth. 

The proliferating cells are in the main fibroblasts. The result may 
be a cellular fibrous tissue, or the fibroblasts may be stimulated to 
lay down collagen fibers rather than to multiply, with the result that 
dense acellular connective tissue is formed. Whichever course is 
followed it is c\'ident that fibrosis will be one of the chief results of 
chronic inflammation. 

It is customary to divide flbrosis into two great groups. The first 
is prodvetive fibrosis due to the stimulating effect of the irritant or of 
the metabolic products of disintegrating cells on the fibroblasts. The 
second is called replacement fibrosis j in which fibrous tissue proliferates 
and replaces tissue which has been destroyed. This destruction may 
not be the result of inflammation, but may be due to a gradual cutting 
off of the blood supply to the part. A good example is the disappear- 
ance of myocardial fibers and their replacement by connective tissue 
as the result of gradual narrowing of the coronary arteries. Never- 
the-less it is evident from what has just been said that here also the 
connectix e-tissue cells may be stimulated by the disintegration products 
of the dying muscle fibers. Or we may put it more safely though more 
vaguely by saying that the dead tissue acts as an irritant to the sur- 
viving connective tissue. It is probable that some chronic inflamma- 
tion for which no bacterial cause can be found is due to the presence 
of altered and broken down collagen, for when collagen is implanted 
in the tissues of an animal it produces a granulomatous reaction 
(Pullinger and Pirie). 

A chronic inflammatory lesion is cellular at first, but becomes more 
and more fibrous as the irritation subsides and collagen is laid down. 
It follows the usual course of henling. But it is obvious from the nature 
of the process that the resulting fibrosis is likely to be much more 
marked than in acute inflammation. Newly-formed fibrous tissue 
inx ariably contrac^ts as it becomes older, so that the affected organ 
will be shrunken as well as hard. Examples of these changes are healed 
tuberculosis of the lung and cirrhosis of the liver. 

One word regarding nomenclature. A healed inflammatory lesion 
is not an example of chronic inflammation. It is not an ‘‘itis,” so 
that when the surgeon finds a firm and shrunken appendix it does not 
follow that the patient is suffering from chronic appendicitis. The 
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appendix may be chronically inflamed, or it may be merely a fibrosed 
appendix; microscopic examination is necessary to settle the question. 
This subject is brought up because of a loose habit, all too common, 
of speaking of chronic appendicitis, chronic myocarditis, or chronic 
pleurisy when the speaker really means a fibrosed appendix, myo- 
cardium, or pleura. 
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CHAPTER V 


REPAIR 

The repair of injured tissue is as fundainciital a process as inflanr- 
mation. It is seen throughout the animal and vegetable kingdom. 
The lower in the scale the animal, the more complete is the regenera- 
tion. When the head of the earthworm is severed, a new one is formed, 
and this process can he repeated many times. The process of repair 
is so commonplace that we seldom pause to enquire what induces 
cells which have remained dormant for years suddenly to take on active 
growth. When looked at closely this is seen to be a remarkable 
phenomenon. Incise the most quiescent of fibrous tissue, and in twenty- 
four hours the connective-tissue cells have developed from mere nuclei 
into actively dividing fibroblasts. WTat is the cause of this sudden 
transformation? W^hat is the ms wedicatrix naturae, the healing power 
of Nature? 

It seems likely that the cells proliferate because they are stimulated. 
The stimulus is almost certainly chemical in nature. This chemical 
substance appears to be liberated by the degenerating cells. Carrel 
has shown that if in an aseptic wound all debris and blood clots are 
removed and the wound is completely protected from outside irritation 
no healing will occur. Even at the end of three weeks no change has 
occurred. But when the wound was covered with a slightly irritating 
dressing such as dry gauze or a weak turpentine dressing or when a few 
staphylococci were introduced, cicatrization commenced in less than 
two days. 

The power of true repair, that is to say of replacement of destroyed 
tissue by the same type of tissue, varies with different organs. Some 
cells have developed to a stage at which it is impossible for theni to 
proliferate, e, g., nerve cells. When such cells are destroyed by injury 
or infection, as in infantile paralysis, it is impossible for them to be 
replaced by neighboring cells; "‘the moving finger writes, and, having 
writ, moves on.” Liver cells have remarkable power of regeneration. 
So has surface epithelium. Connective tissue is the best example of 
perfect regeneration. 

It is difficult to draw a hard and fast line betvreen repair and inflam- 
mation. Both represent the reaction of the tissues to an irritant. 
Repair usually follows inflammation, and is usually preceded by it, 
but not always so. An irritant of some intensity produces inflamma- 
tion and death of the tissues. At a distance the action is weakened, 
and the irritant becomes a stimulant, so that the tissue response now 
is proliferation. In this way reparative processes may go on at the 
same time as inflammation. 
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The most interesting modem observations on repair are those of 
Clark and his associates. By inserting a double-walled transparent 
chamber constructed of celluloid in a rabbit’s ear they have been 
able to watch under the microscope the injured tissues recovering 
from the blow and setting themselves to reconstruct the part. They 
have even taken moving-picture microphotographs of the process. 
By this means new vessels can be seen differentiating and beginning 
to contract and dilate. Using intravital injections of methylene 
blue they could demonstrate the development of non-medullated nerve 
fibers going to the arteries; only when the vessels were supplied with 
nerves were they capable of contraction. The ingrowth of capillaries 
is followed by a remodelling of the indifferent plexus of vessels into an 
adult pattern, and a change into definite arteries and veins. The same 
is true of lymphatics, which also grow by sprouting, and appear later 
than the bloodvessels. Bven the different stages of mitosis were seen 
and photographed. After injury associated with edema definite holes 
could be seen in the lymphatics which remained open for several days, 
allowing free passage of fluid and red blood cells into the injured 
lymphatics. This passage was not observed when the ear was splinted, 
thus demons, trating the importance of immobilization hi the treatment 
of localizeld injuries and infections in order to prevent the entrance of 
bacteria into the lymphatics. 

One of the most important elements concerned with repair is con- 
nective tissue. This is particularly true of repair of wounds. The 
forination of collagen satisfactory in quantity and quality is dependent 
on an adequate supply of vitamin C. Scurvy which is due to lack of 
vitamin C, is characterized by atrophy of connective tissue fibers, and 
under scorbutic conditions fibroblasts produce little collagen, and what 
is produced is of poor quality. It is evident, therefore, that an adequate 
supply of vitamin C is necessary for good healing. It has been shown 
clinically that when the vitamin supply is insufficient the healing of 
wounds is delayed and they tend to break open again (Crandon, Lund 
and Dill). 

Repair is a wide process. It is seen in the healing of wounds. Exactly 
the same changes are observed in organization of an inflammatory 
exudate or a blood clot. The regeneration or replacement of any 
destroyed or degenerated tissue is another example of the same pro- 
cess. All of these must now be considered in greater detail. 

Repair in a Wound.— The process of healing is fundamentally the 
same in all wounds, but there are marked quantitative differences, 
depending on the amount of tissue destruction and to a certain extent 
on the presence of sepsis. It is convenient to consider two very 
different types of wound. 

Healing of a Clean Incised Wound. — This form of repair is still known 
by the old clinical name of ‘‘healing by first intention.” A much 
better term is “primary union,” the cut surfaces being brought together 
by stitches, so that the process is direct, with no intermediary sub- 
stance playing a part. There is no appreciable loss of substance, 
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bleeding is at a minimum, infection is absent, and if the edges are 
brought into apposition there is hardly any exudate between the 
surfaces. The knife acts as an irritant, so that the edges will show 
slight inflammatory changes in the shape of vascular dilatation and 
exudation, and a small quantity of plasma, fibrin, and leucocytes will 
be present in the thin gap. Although the wound is strictly aseptic, 
it is not bacteriologicaliy sterile, and Staphylococcus albus may be 
present in small numbers. We have already seen that this tends to 
favor healing rather than to retard it. 

The edges of the wound very soon show that they are under the 
influence of a stimulant. Two types of cell divide Mctively, the con- 
nective-tissue cell and the vascular endothelial cell. In both , mitotic 
figures may be seen, particularly in the former. (Fig. 50.) The con- 
ne(!tive-tissue cell or fibrocyte 
of adult fibrous tissue is little 
more than a narrow nucleus 
surrounded by a thin layer of 
cytoplasm and wedged between 
dense bundles of collagen fibers, 
but it rapidly changes into a 
plump fusiform cell with a large 
nucleus and well-developed 
cytoplasm which may end in 
branching processes. The 
sud<len change from complete 
quiescence to extreme activ ity 
denotes the action of a power- 
ful stimulant. 

The mode of growth of the 
fibroblasts may best be studied 
by the method of tissue culture. 

The colonies of fibroblasts in 
culture medium tend to grow 
toward one another, as if the 
cells of one attracted the cells 

of the other. The coagulated — Proliferating fibroblasts, one of 

plasma between the edges of which shows a mitotic figure, x 800. 
the wound plays the part of a 

medium into which the fibroblasts grow and establish connection with 
those on -the other side. Carrel has studied the motion of the fibro- 
blasts in tissue culture by means of the cinematograph. The cells 
when photographed and projected on a screen can be seen to move 
through the medium in straight lines. The anterior process streams 
through the medium; then the nucleus and cytoplasmic body move 
forward. From such a picture it is easy to understand how the fibro- 
blasts will rapidly unite the opposing surfaces. In culture the fibro- 
blasts are seen always to keep in touch with their fellows, thus 
differing from the macrophages which wander about and live as inde- 
pendent units. 





128 


REPAIR 


The fibroblasts proceed to lay down^jcoUagen-^fibers. (Fig. 51.) It 
is difficult to be certain of how this is done, but it appears as if there 
was a continuous splitting off of die peripheral layers of cytoplasm, so 
that an ever-increasing thickness of collagen is formed between the 
cells. The fibril formation takes place at the expense of the cell bodies 



Fig. 51. — Fibroblasts separated by scanty collagen. X 275. 


until finally these are represented by a thin, drawn-out nucleus sur- 
rounded by a delicate layer of cytoplasm. The collagen fibers form 
wavy bundles of scar tissue, (Fig. 52.) By this process of fibroblastic 
proliferation and immigration together with the formation of fibrils 
of increasing density the two surfaces of the wound are firmly' sewn 



Fig. 62. — Scar tissue. Bundles of collagen fibers, between which are flattened fibroblasts. 

X 400. 


together. When the fibers are fully formed they shorten, and this 
contraction continues for some months, so that the scar which was at 
first raised becomes puckered. 

Synchronously with the fibroblastic proliferation there occurs a 
proliferation of vascular endothelium. Protoplasmic buds are formed 
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from the preexisting endothelium, and these establish connections 
with other buds until a branching network is formed. The buds 
become hollowed out, and a lumen is established which is continuous 
with the lumen of the parent capillaries. Marked vascularity is a 
fundamental characteristic of tissue undergoing repair, for an abundant 
blood supply is needed for the rapidly growing cells. The scar which 
first forms is therefore red. When repair is complete the stimulus to 
proliferate is withdrawn, a high degree of vascularity becomes unneces- 
sary, and the vessels gradually disappear, so that the scar is avascular 
and white. 

I^ullinger and Florey using the transparent chamber in the mouse’s 
ear introduced by Smith, found by direct observation that lymphatic 
capillaries proliferate in the same manner as the bloodvessels. A 
remarkably rich capillary network is established in ten to twelve days 
which can be demonstrated by injection. These new lymphatics no 
doubt play an important i)art in removal of the exudate. As healing 
pro(‘ee<ls they retrogress and finally disappear. 

The epithelium from the sides grows over the narrow gap. It might 
be thought that the new epithelial cells were prt)duced by mitosis. 
This is not the case. The defect is made good by the migration or 
sliding of cells from the edge of the wound. Mitoses are found regularly 
at some distance from the edge. At first the epithelial layer is thin 
and bluish in color, a mere layer or two of cells, but soon it becomes 
thick and white. The specialized structures of the skin such as hair 
follicles and sweat glands arc not replaced. The scar is pale, without 
hair, and without sweat. 

The time at which the various steps occur differs with differing 
conditions, but on an average it may be said that fibroblastic and 
endothelial proliferation occurs by the end of twelve hours, the epithe- 
lium has covered the surface and the edges are firmly sewn together 
by the fourth day, and at the end of three weeks there is fully formed 
non-vascular scar tissue. The activ e process of primary union takes 
about five days, and nothing but a thin line of connective tissue re- 
mains to indicate the site of the wound. Tf the wound is irritated there 
will be a more abundant exudate, more fibroblasts arc formed, and the 
scar will be thicker. If the wound is badly infected suppuration will 
occur, and there will be no primary union. 

Healing of an Open Wound.— When there is loss of substance the 
fibroblasts arc unable to sew the surfaces together, and the gap is 
filled from below by a mass of young vessels and cells called granu- 
lation tissue. This is healing by granulation as opposed to healing by 
primary union. In time the granulation tissue becomes organized, 
i. e,f converted into fibrous tissue, a process known as cicatrisation. 
Epithelium covers the surface, and the gap is closed. 

The gap is first filled with a mixture of coagulated blood, fibrin, and 
inflammatory exudate, and upon this scaffold the fibroblasts and 
vascular edothelium build the granulation tissue. (Fig. 53.) The 
process commences at the base and works to the surface, so that the 
9 
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youngest tissue is always at the surface. It is on the surface that the 
granulations are formed which give the name to the whole mass of 
young vascular connective tissue. When the surface of a clean open 
wound is examined at the end of the second day it is seen to be covered 
with tiny red granules, so that it has the appearance of the pile of 
rough velvet. This red, finely granular surface is an indication of 
normal and healthy healing. Such a surface is highly vascular and 
bleeds very readily. If a dry gauze dressing sticks to the surface and 

is then tom off, the capillary 



loops are ruptured, and the pro- 
cess of healing is materially in- 
terfered with. 

In addition to the fixed cells 
of the part (fibroblasts and vas- 
cular endothelimn), wandering 
cells also form an important 
element of granulation tissue. In 
the earl\' stages these are mainly 
polymorphonuclear leucocytes, 
which migrate from the new 
capillaries in response to the irri- 
tation and appear on the surface 
in large numbers in the scanty 
exudate which our forefathers 
used to call “laudable pus.” 
They doubtless serve to keep the 
surface free from infection. In 
the later stages and in the deeper 
layers the wandering cells are 
mainly macrophages and lympho- 
cytes. The macrophages provide 
an even greater protection than 
the polymorphonuclears, for it 
can be shown experimentally that 
if an aseptic inflammation be pro- 
duced and infection be added 


Fig. 53.— Granulation tissue. YounR later, the SubstanceS which Call 
vascular connective tissue cousis tin k of forth macrophagcs in the aseptic 
new capillaries and fibroblasts, toRether . u ix 

with many inflammatory cells. X 350. inflammation give inucn better 

protection than those which call 
forth polymorphonuclears. Not until the leucocytes have overcome 
the infection does the epithelium begin to cover the surface, and true 
healing can be said to have commenced. 

On account of its cellularity a granulating surface has a remarkable 
pKJwer of resisting bacterial infection. It presents so powerful a barrier 
that septicemia (blood invasion) cannot occur once an intact wall of 
granulation tissue has been formed. Billroth demonstrated this 
experimentally as long ago as 1865 by applying septic dressings soaked 
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in putrid pus to the surface of a granulating wound. No infection 
resulted ; but if the dressings were stitched in position, the stitch holes 
in the healthy skin at once became infected. Burrows found that 
when virulent streptococci were injected into the freshly epilated skin 
of a rabbit severe inflammation resulted, but that if there was an 
inter\^al of five days between the two procedures, no inflammation 
developed. Although a granulating wound offers marked resistance 
to infection, this does not include the spirochete of syphilis, which can 
readily penetrate such a surface. Chesney and his associates excised 
a piece of skin from the back of a series of rabbits, and three weeks 
later they injected Spirochaeta pallida into the testicle. In nearly 
every case an indurated syphilitic lesion developed in the scar on the 
back in the course of a month. A colloid such as tetanus toxin is not 
absorbed from a granulating surface, if an interval of at least five days 
be allowed to elapse before the application of the toxin. The toxin is 
not destroyed, for if the wound is scarified and bleeds, the animal will 
invariably develop signs of tetanus. (White.) Crystalline substances 
in solution are rapidly absorbed, probably on account of the great 
vascularity of the surface, so that death may follow the application 
of a poisonous substance like corrosive sublimate, and it is said that 
opium will occasion sleep nearly as quickly as when given by mouth. 

The granulation tissue grows in maturity from below upward. In 
the superficial layers the fibroblasts run at right angles to the surface 
and therefore parallel to the vessels, but in the deeper parts of the 
wound where the process is older they arc arranged parallel with the 
surface, and eventually all the fibroblasts and the fibers which they 
produce run in this direction. The direction depends largely on the 
pull which is exerted on them. If this be alterecl experimentally, the 
direction of the fibroblasts will be correspondingly changed. 

When the wound is aseptic the epithelium will grow in from the 
edge in two or three days, first as a delicate blue pellicle, gradually 
becoming thick and opaque. To say that the wound is aseptic does 
not mean of course that it is bacteriologically sterile. If there is 
sepsis and active inflammation the surface is bathed in pus, and the 
epithelium shows no sign of activity. In a chronic ulcer, where for 
some reason healing is long delayed, the epithelium sends long proc- 
esses down into the deeper tissues. These may appear to be detached 
from the surface in a microscopic section, and may be very suggestive 
of carcinoma. In some cases a malignant growth may actually com- 
mence in such a chronic ulcer. 

When the surface is covered by epithelium the process of devascu- 
larization begins. The new vessels being no longer needed gradually 
disappear, and the scar which is first red and angry-looking becomes 
white and bloodless. 

Healing of an Abscess.— All repair Is fundamentally the same, 
whether in an open wound or in an abscess in the center of the kidney. 
If the infection is destroyed, attempts at repair begin. These arc much 
more successful if the pus can discharge on to a surface, as into the 
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pelvis of the kidney. If the cavity is small it becomes filled up first 
with granulation tissue, then with scar tissue. If the cavity is large 
it cannot be filled in, but a fibrous wall is built around it. Healing 
after appendicitis takes the same course, first granulation tissue, then 
scar tissue. 

Organization of an Exudate on a Serous Membrane.— When a 
serous membrane such as the peritoneum is inflamed the endothelial 
covering is destroyed, and an exudate is formed on the surface consist- 
ing mainly of fibrin. This is invaded by fibroblasts and new capillaries, 
so that the exudate is replaced by granulation tissue, which in turn is 
fibrosed. The surface endothelium may again cover the fibrous patch, 
restoring the integrity of the membrane. Or two fibrinous surfaces, 
e. g., two inflamed loops of bowel, may coalesce and become adherent. 
The fibrinous adhesions become fibrous, and although the sides of the 
adhesions are clothed with endothelium the integrity of the surface 
cannot be restored, and the adhesions are permanent. The fibrous 
bands contract, and may cause kinking and obstruction of the bowel. 

Organization of a Thrombus.— A blood clot or thrombus in a vessel 
undergoes the^ame changes as an inflammatory exudate. It is invaded 
from the side of the vessel by fibroblasts and endothelial buds. New 
capillaries are formed, and a vascular connective tissue gradually takes 
the place of the clot. As cicatrization occurs the fibrous mass may 
shrink from the vessel wall, so that a space is formed which becomes 
lined by the endothelium of the vessel. In this way a certain flow of 
blood may be reestablished through the vessel. Occasionally new 
channels are opened through the clot; these become lined with endothe- 
lium, and the clot is said to be canalized. 

A brief summary of the healing process in different tissues is all that 
need be given there. Greater detail will be found in the chapters 
devoted to the individual organs. 

Epithelium as it occurs in the skin is repaired rapidly and com- 
pletely. The more specialized epithelial skin structures such as hair 
follicles are not replaced. Connective tissue is completely replaced, as 
fibroblasts are the cells of connective tissue. EhiMic tissue is replaced 
very slowly, but fairly completely. Fat destroyed in a wound is 
usually not reformed, but if the fat cells are only partially destroyed 
new cells smaller in size and containing fine droplets may be formed 
within them. Cartilage is so avascular that healing is very slow and 
imperfect. If the damage is at all extensive, the replacement is by 
scar tissue. New cartilage can be formed from the cells of the peri- 
chondrium, and small gaps may be filled in this way. Healing in 
muscle depends on the kind of muscle. Plain muscle and heart muscle 
fibers do not regenerate; union of the divided parts is by scar» tissue. 
Striated ttiuscle Has greater reparative power. The extent of regenera- 
tion depends on the type of injury. In an incised wound with ho loss of 
substance the nuclei of the sarcolemma proliferate and form multi- 
nucleat^^ sypcytial masses (Fig. 54) while the sarcous substance puts 
out bands which bridge the gap and eventually become striated. On 
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the other hand when the muscle fibers have been destroyed the debris 
is removed by mononuclear phagocytes, which may form giant cells, and 
the gap is closed by fibrous tissue. (Kg. 55.) Tendon is very avascular 
so that healing is very slow, but it is remarkably complete, though it 



Fig. 54. —Regoneratitju of muscle showing syncytial masses of sarcolcmma. X SOO. 


may take as long as two months. If the gap is small it is filled 
completely by tendon cells; if large scar tissue has to be used. Sepsis 
is fatal to healing, because necrosis occurs so readily in the noii-vascular 
tendon. Injury of a serous membrane is repaired by fibrous tissue which 
becomes covered by the endothelium of the membrane. A fibrinous 
exudate is formed on the surface at the site of injury, and the two sur- 



Fio. 65.— Necrotic muscle fibers being remoA'^ed by giant cells and replaced by fibrous 

tissue. X U<0. 


faces tend to be united by adhesions which are at first fibrinous but 
soon become converted into fibrous tissue. A mucous membraue is 
repaired quickl;^' and well. The surface epithelium is completely re- 
placed, and simple tubular glands can be reformed from this epithelium. 
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but complete restoration of such glands as those of the stomach only 
occurs when portions of the glands have escaped destruction. Wounds 
of the liver are repaired by scar tissue. The liver cells have great 
power of regeneration, and this is seen in the necroses of the liver such 
as acute yellow atrophy and cirrhosis where the lesion is primarily one 
of the epithelial cells rather than in wounds and abscesses. In the 
i?ijir?^63/Jthere is no regeneration of glomeruli or tubules already destroyed 
so that repair is confined to the formation of scar tissue. The central 
nervous system has no power of true regeneration. When, a neurone is 
killed it is not replaced. A wound of the brain is filled by neuroglia 
which proliferates readily, and to a small extent by the connective tissue 
which accompanies the bloodvessels. The peripheral nerves^ on the 
other hand, have remarkable powers of regeneration, a process which 
will be considered in detail in the chapter on The Nervous System. 
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CHAPTER VI 


INFECTION AND RESISTANCE " 

.Infection signifies invasion of the tissues by pathogenic micro- 
organisms or animal parasites, and the results both local and general 
which follow upon that invasion. These results vary enormously. 
They may remain strictly local, as in a skin abscess or boil due to 
staphylococci, or they may be general, as in blood invasion by strep- 
tococci. There may be an acute inflammation produced by the pyo- 
genic cocci, or a slow proliferati\'e change as in tuberculosis or syphilis, 
or the microorganisms may remain at the site of invasion but exert 
a toxic action on a distinct organ such as the brain (as in tetanus). The 
same infection may produce very different effects in different persons. 
These variations depend on two great factors, the virulence of the 
microorganisms and the resistance of the patient. The subject may 
conveniently be divided into two sections, infection and immunity. 

The path of infection may be by one of three routes: (1) surface 
(skin and mucous membrane), (2) inhalation, (3) ingestion. The 
surface need not be broken, for anthrax bacilli may infect the skin, 
staphylococci may penetrate a hair follicle and produce a boil, the 
spirochete of syphilis can pass through a normal mucous membrane. 
Surface invasion may be due to the bites of insc(*ts; such a disease 
as malaria is acquired in this way. By inhalation the germs are taken 
into the respiratory tract, as in pneumonia and tuberculosis. Infection 
by ingestion is seen in such diseases as typhoid, dysentery and cholera. 

The skin acts as a mechanical barrier to infection, but it does more 
than that, for it is able to free itself rapidly from the majority of 
bacteria which impinge on it. Arnold found that when a broth cul- 
ture of B. coli or B. typhosus was painted on the skin all the bacteria 
had disappeared in the course of ten minutes. The same is true of 
other organisms, although the time may be considerably longer. 
Dirty skin, however, has little power of autosterilization. The prop- 
erty may be due to the chemical action of the sweat. This is only 
true of those bacteria which <lo not form part of the normal flora of 
the skin. No amount of washing or use of the ordinary disinfectants 
of surgical and obstetrical practice will free the skin of the staphylo- 
cocci and diphtheroids which normally vegetate there. 

'^l^his matter of a norrmil bacterial flora is one of great importance. 
As Topley remarks: “The surfaces and portals of entry are in no 
sense virgin soil on which any invading bacterium can easily gain a 
foothold. The various skin and mucous surfaces are differentiated 
from one another by the nature of the epithelium that covers them. 
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by the acidity and alkalinity of the fluids in which they are bathed, 
by the frequency, rate and direction of the currents in the supernatant 
fluid, probably by the presence and nature of lytic or bactericidal 
substances of which w’e as yet know little, and in many other ways.” 
As a result each region of the body has developed a highly distinctive 
flora. Thus on the skin we And staphylococci and diphtheroid bacilli; 
in the mouth and pharynx a wide variety of bacteria, particularly 
Streptococcus viridans and Gram-negative cocci, frequently diph- 
theroid bacilli, pneumococci, and bacilli of the influenza type, occa- 
sionally hemolytic streptococci; in the stomach none because of the 
acid gastric juice; in the duodenum Gram-positive cocci; in the jejunum 
cocci, and B. coli; in the large bowel varied aerobic and anaerobic species; 
in the vagina a highly distinctive flora consisting almost entirely of 
acidophil bacilli of the Doderleiii type. 

Localization of Infection.— Once infection has occurred, its localiza- 
tion depends on a number of factors. When the organisms have 
entered the body, as through a wound in the skin, they may be held 
more or less in situ or they may drift through the tissues with amazing 
rapidity. It is evident that the consequences to the patient will be 
entirely different in the two cases. Ix)cal fixation is seen in a striking 
form in an animal which has been actively immunized, and of course 
even more so in an animal which is naturally immune. When tubercle 
bacilli are injected into the skin of a normal animal they spread from 
the site of inoculation in the course of an hour, so that excision of the 
area after that time fails to save the animal, and when placed in 
the peritoneal cavity they are found in the regional lymph nodes hi' the 
course of five minutes. If the animal has previously been immunized, 
the bacilli remain, for a time at least, at the site of inoculation. 

Menkin has shown that fibrin formation may play an important part 
in localizing an infection in the early stages before phagocytes have 
time to arrive. If an aseptic peritonitis is first produced and iron salts 
are then injected into the peritoneal cavity, the iron does not ai)pear 
in the lymphatics and lymph nodes, whereas in a control animal a 
marked Prussian blue reaction is given by the regional lymph nodes. 
The same is true of bacteria. Menkin is of the opinion that the local 
fixation is due to the formation of a fibrinous network both in the 
lymphatics and the tissues, although many lymphatics still remain 
open so that the lymph flow from the part may be accelerated, as 
Drinker has demonstrated. The network of fibrin is abundant in 
staphylococcal infection, scanty or absent in streptococcal infection, 
thus accounting for the localized character of the former and the spread- 
ing character of the latter. 

The beautiful experiments of Rich are of particular interest in this 
connection. Working with the penumococcus, an organism which 
rapidly spreads through the tissues of the rabbit and kills it in from 
twenty-four to thirty-six hours, he compared the local lesions produced 
by inoculation of normal animals and of animals which had been 
rendered immune but not allergic to the pneumococcus. In the nor- 



LOCALIZATION OF INFECTION 


137 


mal animal the organisms at once began to drift through the tissues 
as each one divided into two and the pair separated, while in the 
immunized animal they rapidly clumped together and remained in situ, 
as if glued to the part. (Fig. 56.) The process is one of agglutination, 
an increase of stickiness, as a result of which the bacteria adhere to 
one another and to the tissues with which they come in contact. Large 
clumps were formed in the course of thirty minutes, but at that time 
there was no inflammatory exudate, no fibrin formation. It is evident 
that local fixation cannot be attributed to allergic inflammation nor 
to. the formation of a mechanical barrier; it is a specific antibody effect. 



A B 

Fig. Sfi.—il, Site of infection in non-immune rabbit four hours after injection of 
piiouinococci ; cocci drifting through the tissue; B, the same in an immune rabbit four 
hours after injection; tlic proliferating cocci arc clumped together. (Rich, Bull. Johns 
Hopkins Hospital.) 


In the immune animal the bacteria become opsonized, as a result of 
which they adhere not only to each other, but also to the surfaee of 
the leucocytes. The same local fixation occurs if the bacteria and 
immune serum are mixed before being injected. The bacteria are held 
locally until the inflammatory exudate has had time to form, when 
phagocytosis is seen to be much more marked than in the non-immune 
animal, again owing to the action of opsonins. This is evidently the 
mechanism by which an infection is localized in man. In the human 
patient streptococci and pneumococci tend to produce spreading lesions, 
while staphylococcal lesions tend to be localized, and it is interesting 
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to note that normal human serum contains agglutinins to the staphylo- 
coccus, and that these organisms do not grow by nature in clumps in 
a fluid medium containing no serum. Knally, it must be pointed out 
that no matter how immune the animal (and some of Rich’s rabbits 
resisted several million times the lethal dose), the bacteria continued 
to proliferate although clumped together; they were not killed by the 
antibodies. It was only when the phagocytes arrived that they were 
destroyed. 

So far we have discussed the mechanism by which bacteria which 
gain entrance to the tissues are held locally and prevented from setting 
up a general blood infection. Now we may turn to the converse of 
this question. WTien organisms are circulating in the blood their 
localization in the tissues depends largely on the permeability of the 
capillaries, which in turn is governed by such a factor as trauma, 
causing the liberation of histamine and resulting local capillary paral- 
ysis with increased permeability. When tr^q^an blue is injected intra- 
peritoneally in rats, and the animals are then struck on the head 
repeatedly, the dye is found to be localized in the brain (Macklin). 
WTien the dye is injected intravenously and a hot-water bag is applied 
to the abdomen, the dye will stain not only the abdominal wall but 
also the subjacent coils of bowel. As the result of a similar mechanism, 
bacteria circulating in the blood will tend to become localized at the 
site of injury. Should hemorrhage have occurred, the bacteria will 
leave the blood steam still more readily. A common clinical example 
is the relation of trauma to acute osteomyelitis. 

The question of localization of infection does not depend, howover, 
entirely on the tissues and fluids of the body. The bacteria them- 
selves have something to say on the matter of invasiveness. Duran- 
Reynals has shown that invasive strains of staphylococci and strepto- 
cocci contain a soluble factor which can be extracted, and which 
markedly increases tissue permeability and enhances the infections 
produced by these organisms as well as by other bacteria. This is 
known as the Duran- Reynals or spreading phenomenon. Non-in vasive 
strains of the same species of staphylococci and streptococci do not 
contain this factor. A similar spreading factor is contained in large 
amounts in the normal testicle. The factor has been shown by Chain 
and Duthie to be hyaluronidase, an enzyme which acts on hyaluronic 
acid, a substance to which some body fluids owe their viscosity. 

Focal Infection.— Focal infection is a fact of great importance in 
medicine, but it must not be confused, as is so often done, with elective 
localization^ w^hich is only a theory with little experimental basis, nor 
again with a focus of infection. By focal infection we mean the setting 
up of secondary infections at a distance, owing to invasion of the 
blood stream from a primary focus. When tubercle bacilli are carried 
from a bronchial lymph node to the kidney and there produce a tuber- 
culous lesion, the process is one of focal infection. The term has come 
to be associated in the medical mind ahnost solely with streptococcal 
infection, and in particular with Rosenow’s theory of the elective 
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localization of streptococci. According to llosenow, elective localiza- 
tion may occur within a single species of bacterium, i. e., a race of 
bacteria may become adapted to proliferate in a particular tissue, this 
tendency being accentuated by repeated passage. His work has been 
confined to the production of streptococcal lesions in rabbits. Strep- 
tococci which in man are responsible for articular rheumatism produce 
lesions in the joints of the rabbit, a strain isolated from a gastric ulcer 
causes ulceration in the rabbit’s stomach, and so on. The chief objec- 
tion to this work is a statistical one. Streptococci isolated from a 
gastric ulcer do not produce lesions only in the stomach, the same 
being true for the joints, heart valves, etc. As Topley and Wilson 
remark, the differences recorded are differences in frequencjy distri- 
bution; they arc quantitative, not qualitative. The reader should 
consult the excellent critical review by Holman covering the entire 
subject of focal infection and elective localization. He points out 
that the factors determining the localization of bacteria circulating 
in the blood depend on local conditions rather than on the bacteria 
themselves, '^fhere is, of course, a selective localization when one type 
of organism is contrasted with another. The meningococcus infects 
in particular the meninges, the gonococcus the genital tract, the 
typhoid bacillus the lymphoid tissue of the abdomen, etc. But tubercle 
bacilli isolated from the kidney do not produce only renal lesions when 
injected into an animal, and the same is true of the streptococci. 

Results of Infection.— Bacterial invasion usuall>^ produces a local 
lesion at the site of entry, but there may be no indication of a lesion 
to the naked eye. Tubercle bacilli when placed in the eye may cause 
enlargement of the cervical lymph nodes with no disturbance in the 
e>'e. The same bacilli may pass through the wall of the bowel and 
infect the mesenteric lymph nodes. An unrecognizable lesion of the 
finger may give rise to fatal streptococcal blood poisoning. Even in 
these instances, however, microscopic examination Avill show some 
change in the tissue. 

The common result of infection is local inflammation. This may be 
acute, as in the case of the pyogenic bacteria, or the reaction may be 
chronic in t\'pe, as in tuberculosis and syphilis, "rhe microt rganisms 
may be killed by the inffammatory leucocytes, so that the infection 
ceases there aiul then. Sometimes the infection becomes quiescent 
but does not die out, and may at any time reawaken into activity; a 
chronic abscess of bone or a quiescent tuberculous lesion in the lung 
is a sleeping volcano of this kind. 

Instead of reiiiaiiiiiig localized and giving rise to an abscess, the 
infection may spread. Streptococcal infections show a marked ten- 
dency to extend, and the most virulent strains may spread at an 
appalling spetnl. The infection may travel along tlie interspaces of 
the tissues, giving rise to a spreading cellulitis. An even more rapid 
spread may occur along the lymphatics, and lymph nodes at a distance 
may be infected in a few hours. The microorganisms may be arrested 
and destroyed in the lymph nodes, they may cause suppuration and 
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breaking-down of the nodes, or they may pass through the nodes and 
enter the blood stream. The infection then becomes a general blood 
infection. 

Septicemia and Bacteremia.— Septicemia is a commonly used term, 
but it is most difficult to define. When microorganisms circulate in 
the blood stream the patient has a bacteremia. This does not neces- 
sarily mean that he is ill. It is probable that bacteria continually 
gain access to the blood from the mouth and through the intestinal 
wall, but the life of these bacteria is short. When bacteria are injected 
into the subcutaneous tissue of an animal they can be found within 
a few minutes in the liver, heart, and lungs, but they soon disappear. 
It is probable that in all infections a bacteremia occurs at some stage. 
In typhoid fever the blo(xl is flocKled with bacilli at the beginning 
of the illness and the same is true of lobar pneumonia. To none of 
these conditions is the term septicemia applied. Septicemia is a clinical 
rather than a pathological conception. In addition to the presence 
of a bacteremia, the patient manifests symptoms which arc known 
as septicemia, such as high fever, chills, and petechial hemorrhages 
in the skin. The prognosis at once becomes much more serious. IMicro- 
organisms are present in the blood in large numbers. They are readily 
demonstrated by blood culture, and when the infection is very heavy 
they can be seen in blood smears, as in some cases of streptococcal 
and meningococcal septicemia. Their great numbers may be due 
partly to multiplication in the blood, but mainly to a continual pouring 
of bacteria into the blood stream from some focus of infection, (rood 
examples are the heavily infected vegetations on the heart valves in 
acute endocanlitis, the thrombosed open blocxl sinuses of the septic 
puerperal uterus, and the bacteria-laden bone-marrow of acute osteo- 
myelitis. When the focus is removed or even drained, as in osteomyel- 
itis, the bacteria may rapidly disappear from the blood stream. 

Pyemia.— Pyemia is one step further in the septicemic process. 
Clumps of bacteria lodge in the tissues and set up secondar^>' abscesses 
in tfie kidney, liver, myocardium, skin, etc. (Fig. 57.) The condition 
is usually caused by thrombi infected with pyogenic bacteria breaking- 
up and being discharged into the circulation, only to be arrested 
when they reach the capillaries of the lungs, the glomeruli, etc. 

The development of septicemia depends on the balance between 
infection and resistance. The more virulent the organisms and the 
weaker the resistance, the more likely is septicemia to occur. Resist- 
ance bears no relation to “general health “ in the common meaning 
of the term, but to immunity produced by minimal infections. A 
pathologist or surgeon returning in robust health from a holiday is in 
greater danger from streptococcal infection than one who has finished 
a long winter’s work involving constant exposure. 

Any pyogenic microorganisms may cause a septicemia, but at least 
f50 per cent of the cases are due to hemolytic streptococci. The other 
common invaders are staphylococci, pneumococci. Bacillus coli, and 
Bacillus pyocyaneus. Perhaps the most rapidly fatal of all the septi- 
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cemias is that due to the meningococcus, fortunately comparatively 
rare. 

The 'postmortem appearances in streptococcal septicemia are impor- 
tant. Rigor mortis is slight or absent, and postmortem decomposition 
is rapid. The blood is fluid and dark, and does not coagulate. Owing 
to hemolysis of the red blood cells the lining of the heart and large 
vessels is stained red, and jaundice may have been apparent during 
life. The heart is dilated, and the myocardium and muscles are 
friable and flabby. The spleen is enlarged, soft, and friable, a con- 
dition known as acute splenic enlargement. The walls of the capillar- 
ies are injured, so that there are petechial hemorrhages in such serous 
membranes as the pleura, pericardium, and endocardium. Many 



Fig. 57. — Pyemic abscess in liver. X 200. 


of these signs may be absent, so that in some cases the postmortem 
diagnosis of septicemia may present great difficulty to the pathologist. 
In pyemia in addition to the usual lesions of septicemia small yellow 
abscesses are present in the lungs, heart, kidney, and other organs, 
usually just under the surface. 

Toxemia. ““ 1 11 septicemia and pyemia many organs show evidence 
of the action of toxins. These changes may be equally well marked 
even when no microorganisms have entered the blood steam. Diph- 
theria is an excellent example. Here the bacteria remain in the 
mucous membrane of the throat, but profound toxemic changes are 
found in the heart, liver, and kidneys. These changes are degenerative 
in character, ranging from cloudy swelling and fatty degeneration to 
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necrosis and disintegration of the cells. In toxemias of long duration 
amyloid degeneration may develop. 

Our Present Conception of Resistance.— Although our understand- 
ing of these matters is but that of children, despite the use of a multi- 
tude of high-sounding words (at least so it appears to the writer), we 
can yet express some general ideas as to why some persons resist 
infection or quickly recover from it, while others do not. Resistance 
to infection depends upon three great factors: (1) humoral antibodies, 
(2) phagocytosis, and (3) the immunological (i. e., chemical) behavior 
of certain tissue cells. The humoral and cellular forces work hand 
in hand, and the background of all the antibodies is formed by the 
cells of the reticulo-endothelial system. 

Of the antibodies the most important appear to be antitoxins, 
bacteriolj'sins, and opsonins. Antitoxins do not rid the body of 
infection, but they cause the symptoms to dear up. Bacteriolysins 
(immune bodies) do not act directly on the bacteria, but merely play 
the part of an amboceptor whose hands join together the complement 
and the germ, to the destruction of the latter. The patient must 
therefore have enough of the all-important complement as well as an 
abundance of immune bodies if he is to recover. Opsonins must be 
present to sensitize the bacteria, so that these may be devoured by the 
phagocytes. The important part which the antibodies (opsonins and 
agglutinins) play in the localization of infection has already been con- 
sidered. They serv'c to detain the invading bacteria until the leuco- 
cytes can collect in sufficient numbers at the site of infection to make 
their presence felt. 

A discussion of the antibodies which form the basis of immunity 
would be out of place in a book of this type. The subject is considered 
in detail in works on bacteriology and immunology. IVorn the general 
standpoint, however, it may be said that it is now known that anti- 
bodies consist of globulins, and that their formation depends on the 
general protein reserv’e. For this reason the question of diet has come 
to assume importance in resistance to infection. Under conditions of 
famine the protein reserve falls to dangerously low levels, and there is a 
corresponding drop in resistance to bacterial infections. It is well 
known that under such circumstances there is danger of widespread 
epidemics. 

The phagocytes are not merely the poljnnorphonuclear leucocytes, 
although these form the first line of defense. Of equal importance 
are the macrophages of the tissues, derived in turn from the reticulo- 
endothelial system. The fixed cells of this system play an important 
role in removing bacteria circulating in the blood. Vast numbers of 
organisms may be injected into the blood stream, but they rapidly 
disappear, and arc found in the reticulo-endothelial filters of the liver, 
spleen, bone-marrow, and lungs. Here also the humoral factor must 
not be overlooked. If a large dose of pneumococci is injected into the 
blood stream of a rabbit (a highly susceptible animal), a blood culture 
fifteen minutes later will show enormous numbers of organisms, but if 
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antipneumococcus serum is injected into another vein at the same 
time the blood will be found to be sterile at the end of fifteen minutes. 
The sensitized bacteria are taken up partly by the circulating phago- 
cytes, partly by the fixed reticulo-endothelial cells. This can be 
shown in the case of the liver by perfusing the liver with pneumococci 
suspended in saline solution or normal serum. None are retained. 
When a minute quantity of immune sermn is added, there is complete 
retention of bacteria by the liver. These experimental observations 
on the removal of bacteria from the blood have been confirmed in manr^ 
Immediately after curettage for a septic abortion the blood may be 
loaded with bacteria, but there may be none 1 5 minutes later. 

The factor of tissue immunity is perhaps the most important, 
although the hardest to understand. It provides the reason why some 
animals simply cannot be infected by microorganisms which are highly 
pathogenic to animals of another species. If a toxin or a virus has no 
chemical affinity for a cell, it cannot injure it, no matter in what 
quantity it may be present. 

ALLERGT 

The body tends to protect itself against bacterial infection by certain 
processes which may be grouped under the common heading of im- 
munity. But during the development of immunity there may appear 
a very different and indeed opposite type of reaction, namely, hyper- 
sensitiveness. This reaction is a hypersensitiveness to the bacterinl 
protein, and an equally marked hypersensitiveness may be developed 
against any foreign protein (horse serum, egg albumen) which may be 
injected. The first injection produces no evident effect, but a second 
injection is followed by the development of striking and often dramatic 
phenomena which may be local or general in their manifestations. The 
interval between the two injections must be of a certain duration, at 
least a week or ten days, and it may be noted that this corresponds to 
the incubation period of many infectious diseases, i. e., the time inter^’al 
between the initial infection and the development of the tissue changes 
which produce the clinical phenomena of the disease. The condition 
of hypersensitiA'ity is known as allergy, which means altered reactivity. 
Unfortunately the term has become one of the most abused in medicine. 
The factor best calculated to produce it is a chronic low-grade infection. 

Anaphylaxis is a form of hypersensitiveness which differs from 
ai.d yet is related to allergy. In allergy the reaction is a necrotizing, 
inflammatory one, whereas in anaphylaxis it is a musculo-spasmodic 
one. Anaphylaxis has been studi^ for the most part in the experi- 
mental animal, but it also has its human counterpart. Its principal 
manifestation is a spasmodic contraction of smooth muscle, chiefly of 
bronchioles and certain bloodvessels, as a result of which the animal 
passes into a condition of anaphylactic shock which may result in death. 
It is above all a hypersensitiveness of smooth muscle. Human ana- 
phylaxis is much less striking, because man is, fortunately, far less 
sensitive than the guinea-pig. A person may, however, become 



144 


INFECTION AND RESISTANCE 


sensitized against horse serum (diphtheria and other antitoxins), so 
that a second injection may be followed by symptoms of anaphylactic 
shock and death. 

Most of the experimental work has been done with non-bacterial 
proteins. As long ago as 1903 Arthus showed that when horse serum 
was injected into the skin of a rabbit which had been previously sensi- 
tized by injections of the same sermn, a violent local reaction was 
produced, characterized by marked inflammation and necrosis and 
sloughing of tissue. This allergic inflammation with necrosis is known 
as the Arthus phenomenon. The essence of the reaction and, indeed, 
of allergy in general lies in the fact that the tissues are locally damaged 
and killed by an amount of protein which is harmless to the normal 
body. The injections need not be given at the same place; the first 
may be given idtraperitoneally and the final one into the skin. It is 
evident that all the tissues become sensitized, and the allergic reaction 
is an antigen-antibody reaction in the cell itself. 

Bacterial allergy is very similar in its reaction to the Arthus 
phenomenon, although the hjT>ersensitive state cannot be transferred 
passively to a normal animal. It appears probable that in many, if 
not in all bacterial infections, hypersensitiveness develops pari passu 
with the development of immunity. Many destructive lesions which 
in the past have been attributed to the action of bacterial poisons 
are in reality due to hypersensitiveness to the bacterial proteins, 
although it must be admitted that allergy is a term often used to give 
a touch of mystification to ignorance. That the reaction is essentially 
a cellular one independent of circulating antibody is shown by the 
observations of Rich and Lewis on cells isolated from an animal 
rendered allergic to tuberculin and grown in tissue culture. When 
a minute amount of tuberculin is added to this allergic culture, the 
same tissue destruction and necrosis occurs which is seen in the living 
animal. 

The Shwartzman phenomenon is a local tissue reactivity to bacterial 
filtrates. Shwartzman has shown that if a bacterial filtrate is injected 
into the skin, and the same filtrate is injected intravenously twenty- 
four hours later, a severe hemorrhagic and necrotizing Inflammation 
develops at the site of the local injection. The preparing injection 
produces only a slight reaction. It may be made into the parenchyma 
of an organ such as the stomach or a joint. It can even be made into 
the vascular system of an organ, e. g., injection into the renal artery 
after the renal vein has been clamped for five minutes. Lesions in the 
kidney can be produced when the preparing injection is made into the 
general circulation, probably because of the greater permeability of 
the glomerular capillaries. Renal lesions have developed as the result 
of a single intravenous injection in pregnant animals; this may possibly 
explain the diffuse symmetrical necrosis of the kidneys in eclampsia 
if pregnancy is regarded as a state of generalized increased reactivity. 

The first change is marked venous and capillary dilatation and 
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engorgement, soon followed by severe hemorrhage, edema, and intense 
infiltration with leucocytes. The veins and capillaries are filled with 
thrombi, amorphous granular masses probably consisting of platelets. 
A large central area of necrosis develops in the affected skin or organ. 
It is possible that some hitherto mysterious inflammatory lesions may 
find their explanation in the Shwartzman phenomenon. 

Allergic Inflammation.— There can be no doubt of the existence 
of allergic inflammation, a type of tissue response to the local inter- 
action of antigen and antibody. This can be demonstrated in the 
experimental animal. It is more than probable that a number of 
human inflammations of uncertain nature and etiology are examples 
of a similar reaction. The general characteristics of allergic inflam- 
mation are acute onset, necrotizing arteritis, focal necrosis, and an 
inflammatory exudate mainly mononuclear in type, often with 
numerous eosinophils. Of particular significance is the absence of 
bacteria. Examples of conditions which may be allergic in nature 
are bronchial asthma, rheumatic fever, glomerulonephritis, peri- 
arteritis nodosa, Buerger’s disease, and disseminated lupus erythe- 
matosis. When we come to study these conditions we shall find most 
or all of the above-mentioned features. It will be noticed that in 
most of them (including glomcrulc nephritis) the main tissue involved 
is part Of the vascular system. In periarteritis nodosa the vascular 
lesions are remarkably similar to those seen in serum sickness in the 
experimental animal and in the rare cases observed in man (Rich). 
Fibrinoid necrosis of the arterioles is always suggestive of an allergic 
basis, and the walls of the vessels are often infiltrated with inflam- 
matory cells. 

Sulphonamide allergy deserves special mention. In 1917 Landsteiner 
showed that simple chemical compounds could become conjugated 
with serum proteins; they could thus become antigenic in character 
and capable of exciting an allergic reaction. This is true of the sul- 
phonamidc compounds, and it is now common knowledge that these 
substances may in certain hypersensitive persons produce toxic 
symptoms which are evidently allergic in character. The hypersensitiv- 
ity is usually acquired as a result of previous exposure to the drugs, but 
it may be inborn. The worst offender is sulphathiazole. The clinical 
manifestations are fever, chill, a skin eruption, and failing renal function 
with anuria about a week after the administration of sulphonamides. 
The principal lesions are in the kidney, liver and heart, but almost any 
organ in the body may be involved, and the lesions are often wide- 
spread. They fall into the following groups: (1) focal necrosis associ- 
ated with cellular infiltration, often amounting to a granulomatous 
reaction, the chief cells being histiocytes, lymphocytes, plasma cells, 
and eosinophils; (2) necrotizing arteritis similar to that seen in peri- 
arteritis nodosa; (3) severe parench^miatous degeneration in the liver 
and kidneys. More, McMillan and Duff, in a careful study of 22 cases, 
emphasize that all the lesions combine necrosis with activity of the 
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reticulo-endothelial system; they describe and illustrate a peculiar 
necrosis of the splenic trabeculae. An acute interstitial myocarditis 
may cause death in some cases. 
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CHAPTER VII 


BACTERIAL INFECTIONS 

In this chapter will be considered the diseases produced by patho- 
genic microorganisms. Many of these will be described fully in the 
section on Special Pathology in connection with the organs principally 
affected (pneumonia, dysentery, etc.). In such cases the condition 
will only be mentioned here in passing. In others the lesions affect 
many organs (tuberculosis), or the infection may be general rather than 
localized (the infectious fevers). These conditions will be considered 
here more fully. No attempt is made to give bacteriological detail, as 
that would merely usurp the function of a text on bacteriology, but a 
few of the principal features of the microorganisms will be mentioned 
in order to recall them to the reader’s mind. 

STAPHYLOCOCCAL INFECTIONS 

The Staphylococcus pyogenes is a Gram-positive micrococcus which grows 
in small clusters like a bunch of grapes (staphyle, a bunch of grapes; kokkoSj a 
berry). Two principal forms occur, Staphylococcus aureus and Staphylococcus 
albus. The former produces a yellow and the latter a white color on solid 
media. Staphylococcus aureus is the much more pathogenic of the two, 
Staphylococcus albus usually occurring as a harmless skin saprophyte. But it 
is a mistake to make the distinction too hard and fast, for the color-producing 
power of a given strain may vary widely. Moreover, although Staphylococcus 
albus usually does little more than cause stitch abscesses in the skin, it may 
produce a fatal septicemia. 

The staphylococcus is a pyogenic organism, and its action as a pus 
producer has already been described in connection with inflammation 
and suppuration. It occurs normally on the skin, and is prone to 
produce skin infections, entering through cracks, abrasions, or even 
by way of the hair follicles. In staphylococcal lesions of deeper organs 
(kidney, bone) an active skin infection (boil) or one which has recently 
healed can usually be found. In hiunan blood there are natural 
agglutinins to the staphylococcus, so that when the tissues are invaded 
tile organisms tend to adhere together and to the surrounding struc- 
tures. For this reason staphylococcal lesions are more likely to be 
localized than diffuse. The cocci produce a coagulase, causing marked 
formation of fibrin. This further limits the spread by blocking paths 
of dissemination, as shown by the fact that when a dye is injected it 
does not spread along the lymphatics. In all of these respects staphylo- 
cocci differ from streptococci, which tend to invade mucous membranes, 
and produce a fibrinolysis that breaks down the defense barrier. Some 
strains of staphylococci, however, produce a soluble ^'spreading 
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factor’" which markedly increases the permeability of the tissues 
(Duran-Reynals’ phenomenon). Under appropriate environmental 
conditions, of which the hydrogen-ion concentration is one of the most 
important, certain strains have the power of forming an extremely 
powerful exotoxin in culture. Broth filtrates are found to produce 
three effects which may be called the hemolytic, the necrotizing, and 
the killing. Injection of a small amount of toxin into the skin of the 
animal results in marked necrosis. The killing power of the toxin is 
its most striking characteristic; an extremely small quantity injected 
intravenously leads to death in a few minutes. The tragedy at Bunda- 
bcrg in Queensland, when 12 out of 21 children, injected with diphtheria 
toxin-antitoxin mixture, died in the course of a few hours was due to 
contamination of the mixture with a toxigenic strain of staphylococci. 
The toxin can be detoxicated by the addition of formalin ; the resulting 
product is called toxoid, and this still retains its antigenic property. 
Superficial staphylococcal infections apparently do not provide an 
adequate antigenic stimulus, for persons with repeated boils may 
show no increase of antitoxin in the blood. 

Botiyomycosis.— This is a peculiar form of staphylococcal infection, common 
enough in horses, cattle and pigs, but very rarely observed in man. The lesions, 
which show chronic suppuration and extensive fibrosis, involve chiefly the 
liver, and more rarely the genitalia and bones. In the liver there are large 
inflammatory masses containing many small cavities filled with pus. The 
characteristic feature is the presence of large colonies ofstaphylococci embedded 
in the pus cells and held together by a network of fibrin. Club-shaped masses 
project from the colonies in a manner reminiscent of the clubs in actinomycosis, 
so that the disease is also known as staphylococcal actinophytosis. Granulo- 
matous lesions with epithelial and giant cells may be seen in the connective 
tis.sue (Berger). 

STREPTOCOCCAL INFECTIONS 

Streptococci are Gram-positive microorganisms which grow in curved chains 
(streptos, curved). They form one of the most disease-producing groups. 
But it is a group, and a very complex one at that. It may be divided by the 
action on hemoglobin into two main subgroups, hemolytic and non-hemolytic. 
The latter usually produces a green color (methemoglobin) on blood agar 
(Streptococcus viridans), but many fail to do so. Lancefield and Hare point 
out that by means of precipitation with appropriate antisera the hemolytic 
streptococci can be divided into four groups, of which only Groiip A is respon- 
sible for human infection. About 7 per cent of normal persons living in England 
harbor Group A strains in the throat. Fully two-thirds of the hemolytic 
streptococci in the nose and throat do not belong to Group A and are therefore 
harmless for man. What Okell has termed the offensive weapons of the hemo- 
lytic streptococci are three in number: (1) An erylhrogenic or rash-producing 
toxin, (2) pyogenidtyj and (3) invasiveness. They vary in intensity from case 
to case. Many hemolytic streptococci produce a fibrinolytic principle, which 
is partly responsible for the invasiveness. Cultures added to human plasma 
clot cause liquefaction of the clot. 

The streptococcus is usually a pyogenic organism and produces 
lesions which in general resemble those of the staphylococcus, but they 
tend to be more diffuse and spreading and are characterized by cellu- 
litis, lymphangitis and lymphadenitis. The streptococcus unlike the 
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staphylococcus may invade a surface without producing a local lesion. 
A mere pin prick may introduce streptococci which cause a fatal 
septicemia. Other portals of entry are throat infections, tonsillitis, 
middle-ear inflammation, an infected tooth socket, puerperal uterine 
sepsis, etc. Some of the most dangerous infections are those of the 
hands of the surgeon or pathologist (owing to the heightened virulence 
caused by passage through the body of the patient) and puerperal 
infection (exhaustion of the patient, anemia, raw areas, etc.). 

Non-mppumtive Unions are often found as an aftermath of Strepto- 
coccus hemolyticus infections. These consist for the most part of 
focal collections of lymphocytes and plasma cells, but polymorphonu- 
clear leucocytes and eosinophils may also be present. The lesions are 
best seen in from one to two weeks after the initial infection, particu- 
larly in young persons. G. K. Mallory and Keefer found such lesions 
in the heart, kidneys, liver, spleen, lungs and pancreas. They suggest 
that they are the result of an antigen-antibody reaction in the inter- 
stitial tissues, and may possibly be related to the Aschoff bodies of 
rheumatic fever. 

The importance of anaerobic streptococci as disease-producers is now 
becoming recognized. They may cause serious inflammation in puer- 
peral sepsis, acute appendicitis, chronic pulmonary infections, and 
even acute meningitis. The organisms are found in smears of the 
infected material, but naturally do not grow under ordinary cultural 
conditions. Another point that is apt to be misleading is that they 
arc practically non-virulent for laboratory animals. 

Streptococcal fevers arc in general more serious than those caused 
by staphylococci. Endocarditis, puerperal fever, scarlet fever, and 
erysipelas arc particular examples, the last-named being considered 
below. Streptococci often complicate other infections and may be 
the cause of a fatal termination (influenza, etc.). Streptococcal sep- 
ticemia is marked by rigors, high fever, a large spleen (though this is 
often too soft to be felt^ diarrhea, and the presence of albumin and 
red blood cells in the urine. There is no infectious disease in which 
anemia may develop so rapidly; the hemoglobin may fall to 30 or even 
20 per cent. 

The metastases differ from those of staphylococcal fever, the serous 
membranes being mostly involved in accordance with the diffuse nature 
of the infection. There may be suppuration of the joints, pleura, peri- 
cardium, meninges, and peritoneum. There is not much tendency 
to local abscess formation unless infected emboli (endocarditis, puer- 
peral sepsis) are circulating in the blood. 

It has long been known that non-suppurative lesions may follow 
at varying intervals of time such hemolytic streptococcal infections 
as scarlet fever, erysipelas and puerperal infection. They have been 
called Nachkrankheiten by German investigators. They are most 
marked in cases with persistent bacteremia. These late tissue reactions 
are more prominent and more frequent ten days or more after the onset 
of the infection. For these reasons it has been suggested that they 
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represent an antigen-antibody reaction (Mallory and Keefer). The 
lesions are most marked in the heart and kidneys, but they may occur 
in most of the viscera. The focal cellular reaction is predominantly 
mononuclear rather than polymorphonuclear. 

Erysipelas.— This is an acute inflammation of the lymphatics of the 
skin caused by hemolytic streptococci with marked erythrogenic 
(rash-producing) power which enter through some break in the surface, 
often very minute. The face or scalp is the usual site, and it is prob- 
able that the starting-point is often a latent infection of the nose or 
nasal sinuses. The common idea that erysipelas is an extremely infec- 
tious condition is wrong. Unless there is a discharge from the skin 
there is no danger of infection. From the site of inoculation the 
infection spreads outward, producing a bright red indurated area 
with a characteristically sharp margin. Just beyond this margin 
the lymph spaces are crowded with streptococci. There is a curious 
absence of suppuration, the inflammatory cells which crowd the tissue 
being almost all lymphocj'tes or mononuclears. In the more severe 
cases the deeper tissues may be involved, with thrombosis, cellulitis, 
and suppuration. General constitutional symptoms such as high fever 
and leucocytosis are not due to a blood invasion by the streptococci 
but to the absorption of toxins produced locally. An erythrogenic 
antitoxin of value has been prepared against the streptococcus of 
erysipelas. 

Scarlet Fever.— Scarlet fever or scarlatina is an acute infectious 
fever caused by a specific strain of streptococcus, characterized by 
a high temperature, sore throat, and widespread rash, followed by 
nephritis, otitis media, and suppuration of the cervical lymph nodes. 

Bacteriology. — It has long been suspected that hemolytic strepto- 
cocci had some causal relationship to scarlet fever, for these organisms 
were commonly found in the throat lesions, but there were difficulties 
in the way. Scarlet fever was apparently a toxic disease like diph- 
theria, but the streptococcus was not known to produce an exogenous 
toxin. The life-long immunity which commonly follows an attack 
did not correspond with what was known of other streptococcal infec- 
tions. Finally there Avas the difficulty that the disease could not be 
reproduced in the lower animals. 

The problem was solved by the contributions of many workers, but 
the coping stone was laid by George and Gladys Dick in 1923. These 
workers showed that hemolytic streptococci from scarlatinal throats 
produced a toxin which when injected into the skin of persons who had 
never had scarlet fever caused an erythematous reaction (Dick test). 
The disease is now regarded as a local infection of the throat by a 
specific strain of hemolytic streptococcus, with distant toxic mani- 
festations (rash, nephritis, etc.). Unlike diphtheria, the germ of 
scarlet fever can invade the blood and set up suppurative lesions in 
various organs. 

Symptoms.— The throat is always inflamed, but the larynx does not share 
in the inflammation. There may be an angina, an extremely severe inflam- 
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mation with tissue destruction and the formation of a membrane. In these 
cases middle-ear suppuration is very likely to occur owing to spread of the 
infection along the Eustachian tube. Swelling of the lymph nodes is constant, 
and indeed swelling of the lymphoid tissue throughout the body, so that the 
name of lymphatic fever has been suggested. There may be suppuration and 
abscess formation in the lymph nodes of the neck. The rash is of a generalized 
punctiform type. The mucous membrane of the tongue shows a similar con- 
dition so that it has a strawberry appearance (strawberry tongue). Albumi- 
nuria is common, but this must be distinguished from true nephritis which 
when it occurs comes on during convalescence. The nephritis is marked by 
edema of the face which becomes pale and puffy, by a rapidly developiifg 
general anasarca, and by oliguria, albuminuria, and blood and casts in the 
urine. The blood in scarlet fever shows a well-marked leucocytosis. 

Lesions.— The lesions are in the main toxic in nature, but some of 
the complications may be suppurative owing to streptococcal invasion. 
The principal lesions are found in the skin, tongue, throat, and lymph- 
oid structures. In the skin the vessels of the dermis are enormously 
dilated. This is due to vascular paralysis from the action of the toxin, 
and is not a true inflammatory reaction. There is no change in the 
epidermis at first, but later (fifth to tenth day) the epithelial cells are 
separated by an infiltration of polymorphonuclear leucocytes. When 
the rash has faded there is much desquamation, and the epithelium 
accordingly shows many cells undergoing mitosis. The tongue shows 
the same changes as the skin. 

The lymphoid tissue of the lymph nodes, both superficial and deep, 
the spleen, tonsils, liver, etc., shows hyperplasia. The germinal cen- 
ters are swollen, and the sinuses dilated and filled wnth endothelial 
cells. The heart shows cloudy swelling and fatty degeneration. Toxic 
lesions also occur in the liver, kidney, adrenal, and spleen. These 
take the form of injury to the vessel w^alls with secondary infiltration 
by mononuclear cells into the surrounding tissue. 

Nephritis is a common complication of convalescence, coming on in 
the third w^eek. It is an acute glomerulonephritis with the usual 
glomerular and tubular changes found in that condition. No strepto- 
cocci are found in kidney, so that the nephritis is apparently toxic 
in origin. Rather rarely there is quite a different type of lesion, an 
acute interstitial infiltration with polymorphonuclear leucocytes. 
These lesions are described more fully in connection with Bright’s 
disease. The prognosis of scarlatinal nephritis is remarkably good if 
the patient is kept in bed. It usually clears up in from three to six 
wrecks, and uremia is quite uncommon. 

Chronic Streptococcal Infection.— The acute and pyogenic manifes- 
tations of streptococcal infection are readily recognized. But there 
is a very important group of chronic infections which are believed to 
be streptococcal in nature, but in which bacteriological proof is much 
more difficult. The so-called focal infections belong to this class. 
Here there is a quiet focus of infection, usually in the mouth (teeth, 
tonsils,) naso-pharynx or accessory nasal sinuses, from which distant 
tissues may be affected either by toxins or by minimal doses of the 
organisms, as a result of which they become the seat of chronic inflam- 
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mation. The subject is a vast one, including as it does diseases of 
such debatable etiology as nephritis, chronic arthritis, chronic chole- 
cystitis, etc. It cannot be discussed in detail here, but occasional 
reference will be made to it in the chapters which follow. 

RHEUMATIC FEVER 

Rheumatic fever is a widespread infection of fibrous tissues affecting 
the joints, the heart, and other organs. It resembles syphilis in being 
a chronic, perivascular, long-continued infection with ups and downs. 
The first attack usually occurs in childhood . While in the adult it is the 
joint lesions which dominate the picture, in children these may be 
negligible and, indeed, overlooked, so that in later years it may not be 
possible to get a past history of rheumatic fever, but the heart always 
suffers. It is of children in particular that the saying holds true that 
“rheumatism is a disease which licks the joints, but bites the heart.'' 

Etiology.— The cause of rheumatic fever is still uncertain. In 1900 
Poynton and Paine recovered a small diplococcus from the blood and 
tissues in several cases, but only recently has opinion been strongly 
in favor of the Diplococcus rheumaticus. Some observers think that 
it is a specific strain of streptococcus, while others believe that a num- 
ber of different strains of non-hemolytic streptococci may be respons- 
ible. The difficulty is to demonstrate the organisms in the lesions. 
Even when present they are not numerous, and the fluid from the 
joints is nearly always sterile. In support of the streptococcal origin 
of the disease is the fact that Clawson and others have succeeded in 
producing what appear to be rheflimatic lesions in animals by the 
injection of non-hemolytic streptococci obtained from human cases. 
Rheumatic nodules of the skin were produced by direct inoculation 
into the skin. 

Green examined the valvular lesions bacteriologically in 9 cases 
of acute rheumatic endocarditis. In 8 of these he succeeded in cultur- 
ing Str. hemolyticus from the valves, and Str. viridano in one. No 
bacteria w^ere found in the heart's blood, nor were they obtained from 
the vah'es unless gross lesions were present. In 5 of the 9 cases the 
same strain of Str. hemolyticus was cultured from the throat during 
life as was present in the valvular lesions. 

Cobum points out that the incidence of rheumatic fever parallels 
in a striking manner the incidence of hemolytic streptococci in the 
throat and also the incidence of streptococcal diseases such as scarlet 
fever in which the primary infection is in the upper part of the respira- 
tory tract. This incidence is affected to a marked degree by climate. 
Both are common in cold, damp climates, but are almost unknown in 
many parts of the tropics. Both are common in the children of the 
poor, but rare in the children of the wealthy. A child who suffers from 
recurring attacks of rheumatic fever and streptococcal sore throat in 
the slums of New York remains well when transported to South 
America. In the western part of the United States rheumatic heart 
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disease is about ten times commoner in school children living in regions 
near the Canadian border than in those from regions near the Mexican 
border. From these observations Cobum eoncludes that the infectious 
agent which initiates the rheumatic process in Streptococcus hemoly- 
ticus, but that some other factor as yet elusive is required to complete 
the picture. This factor may be a vitamin or other food deficiency. 

The absence or great scarcity of the organisms in even the most 
acute lesions is difficult to explain. It has been suggested particularly 
by Zinsser and Swift that allergy (bacterial hypersensitiveness) may 
play an important part in the production of the lesions. Swift has 
shown that when a chronic focus of streptococcal infection is established 
in the body, the tissues of an animal react violently to the most minute 
doses of the antigen, which may be either the streptococci themselves 
or their autolytic products. The principal feature of this reaction is 
edema, and this is the exudative lesion of rheumatic fever. The other 
rheumatic lesion, a proliferative one, must be due to the actual presence 
of small numbers of streptococci. In man the focus of infection is 
probably in the mouth and naso-pharynx (teeth, tonsils, nasal sinuses). 
The belief in the allergic basis of rhemnatic fever is strengthened by 
the observation of Rich and ( Gregory that rabbits subjected to experi- 
mental serum sickness develop, in some instances, lesions which 
resemble in their basic characteristics those of rheumatic carditis. 

We may sum up the matter by saying that there is a considerable 
mass of evidence in favor of a streptoc!Occus (not necessarily a single 
specific strain) being the causal agent in rheumatic fever, the com- 
parath e absence of organisms in the lesions being explained on an 
allergic basis. The original lesions in the heart, etc., must be due to 
the presence of bacteria in the tissues, but a condition of hypersensi- 
tiveness is maintained by a focal infection in the mouth. In addition 
to the streptococcus, some additional factor is probably needed, and 
it is possible that in many cases this accessory factor may be a food 
deficiency. 

The Lesions.— The fibrous tissues and certain serous membranes are 
attacked in rheumatic fever. A characteristic lesion is produced 
known as the Aschoff body. This corresponds to the miliary tubercle 
of tuberculosis. It is a proliferative lesion. Even earlier than the 
proliferation there is a degenerative change in the collagen (fibrinoid 
degerieratUm of Klingc), as a result of which the connective tissue 
assumes a lattice-like appearance like canalized fibrin. In addition 
there is an exudative lesion, and outpouring of serum. The second type 
of lesion is most marked in the joints, the first type in the myocardium. 
The remarkable effect of salicylates on the symptoms of rheumatism is 
well known. This effect is due to a lessening of the exudation. There 
is no action on the essential proliferative lesion. 

The Aschoff body is seen in most typical form in the interstitial tissue 
of the myocardium. (Fig. 58.) It is the result mainly of proliferation, 
but the exudative element is also present. It may be just visible to the 
naked eye, but is often invisible. In the heart it is oval or lemon- 
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shaped. It is paravascular in, .distribution, being situated in relation 
to. the adventitia of the small arteries, but it is at one side of the vessel 
and does not surround it. 

There are four components of the Aschoff nodule. (1) A center of 
necrotic material (probably collagen), often quite small in amount. 
(2) Aschoff cells. These form the characteristic feature. They are 
large cells of the epithelioid type, usually multinucleated. They are 
probably derived from the histiocytes, members of the reticulo-en- 
dothelial system. Many arc really giaoit cells, but they have seldom 
more than six or seven vesicular nuclei, and resemble the giant cells 
of Hodgkin’s disease rather than those of tuberculosis. (3) I^ympho- 
C 3 ’tes and plasma cells, with an occasional polymorphonuclear leuco- 
cyte. Pol^^norphonuclears may sometimes be so numerous that the 

lesion resembles an abscess; this is 
the exudative factor coming in. (4) 
Proliferation of fibroblasts with subse- 
quent fibrosis. Edema, thrombosis, 
and swelling of the endothelium of 
the small vessels may also be present. 
Gross and Ehrlich have described what 
they call the life cycle of the Aschoff 
body, showing that a progressive series 
of changes can be recognized. Swell- 
ing of the collagen is a conspicuous 
feature of the earliest lesion. So also 
is the formation of a network of argen- 
tophilic reticulum fibers, as first pointed 
out by Klinge. They stress the very 
characteristic basophilic character of 
the cytoplasm of the Aschoff and allied 
cells. For the details of the life cycle 
the original paper should be consulted. 

The special rheumatic lesions of the 
heart will be considered in connection 
with Diseases of the Heart. There 



Eio. 58.— AschoflF body in myo- 
cardium. The oval body separates 
the heart muscle fibers. 


is a pancarditis (myocarditis, endocarditis, pericarditis), and these 
“bites” in the heart are by far the most important part of the disease. 
Rheumatic fever is the chief cause of chronic valvular disease. 

The pharynx may be regarded as the site of the primary lesion from 
which the rest of the body is infected. A sore throat frequently pre- 
cedes or is associated with the onset of an attack of rheumatic fever. 
Phaser has found rbigMJuatic nodules in the pharyngeal tissues during 
an acute attack. Similar nodules were present in the neighborhood 
of the tonsils, in the lingual and laryngeal tonsils, and in the upper 
deep cervical lymph nodes. 

In the ekin the rheumatic lesion is known as the subcutaneous nodule. 
It occurs in the deep fascia, especially over bf)ny prominences, and is 
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composed of a group of AschoflF bodies. The general structure is the 
saihe thoujgh the outline is more indefinite. 

In the joints the lesion is exudative, and it is to the sudden exuda- 
tion in a tissue supplied so abundantly with small sensory nerves that 
the pain is due. Proliferative and^ vascular changes are also found 
in the synovial membrane, the capsule and the periarticular fibrous 
tissue. It is possible that the infective form of chronic arthritis may 
prove to be related to rheumatic fever. At least it appears to be a joint 
manifestation of a low-grade streptococcal infection. 

The brain is affected and the patient suffer# from chorea (St. Vitus’ dance). 
The lesions are in no way distinctive. There are perivascular collections of 
round cells, thrombosis, and endothelial proliferation in the meninges, cerebral 
cortex, and corpus striatum. The condition is a rheumatic meningoencephalitis. 

The visceral vessels may show peculiar and characteristic lesions which are 
described in Chapter XVI. 

Rheumatic Pneumonia. — Patients dying in the acute stage may show pneu- 
nmnic consolidation, the lung having a peculiar India rubber consistence. 
There may be true Aschoff nodules in the fibrous septa, an interstitial infil- 
tration of large, often niultinucleated, cells, or areas of acute focal necrosis. 
(Gouley and Eiman.) Pleural lesions have been described. In many of the 
fatal cases there is a pleurisy, at first dry and later with effusion. There is 
metaplasia of the endothelium and inflammation in the subpleural layers. 

Rheumntic peritonitis (occasionally occurs. Rhea found plaques of inflam- 
mation on the parietal peritoneum and nodules in the subperitoneal connective 
tissue in a case of rheumatic carditis. The microscopic picture was identical 
with that in the heart except that the lesions were diffuse rather than focal. 

PNEUMOCOCCAL INFECTIONS 

The I liploeoecus pneumonia' or piieuinococcus is a lanee-shaped 
Gnun-positive diplococcus, which shows a w^ell-defined capsule when 
it grows in the body. In fluid media and in the sputum it may grow 
in chains. It can be differentiated from the streptococcus by its 
ready solubility in bile and by the fact 
that it ferments inulin. Its virulence 
is soon lost when grown on culture media 
but can be recovered by animal passage. 

A number of different groups can 
be distinguished by means of specific 
antisera, niis can be done most con- 
veniently by Neufeld’s “Quellung’’ 

(swelling) reaction, in which the specific 
antiserum causes swelling of the capsule 
of pneumococci of the same type. (Fig 
59.) In cases of lobar pneumonia Type 
I accounts for about .S5 per cent, Type II for 25 per cent, Type III 
for 10 per cent, and Type IV (a heterogeneous collection of subt>’pes) 
for 30 per cent. Type III is the most virulent; it produces a slimy 
growth in culture, and gives rise to a characteristic mucoid glairy 
exudate. The typing of pneumococci has lost much of its significance 
since the introduction of sulphonamide therapy. 



A B 

Fig. 59. — Typing of pneumo- 
cocci. A, positive reaction. 
X 2200. B, negative. X 2400. 
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The principal disease caused by the pneumococcus is lobar pneu- 
monia. This is described in connection with diseases of the lungs. 
The pneumococcus is a pyogenic organism, but it also has a marked 
ability to excite the formation of fibrin. The pulmonary ah eoli are 
therefore filled with an inflammatory exudate composed mainly of pus 
cells and fibrin. Pleurisy is an invariable and empyema a less common 
accompaniment of lobar pneumonia. 

Other lesions caused by pneumococci are endocarditis, pericarditis, 
peritonitis (especially in children), arthritis, meningitis, middle-ear 
suppuration, infection of the nasal sinuses, etc. These conditions 
will be described in their proper place. 

BACILLUS TYPHOSUS INFECTION 

Bacillus typhosus is identical morphologically with Bacillus coli. 
It is Gram-negative and actively motile. The two organisms can 
readily be distinguished by their reaction on lactose in the presence 
of an indicator. Bacillus coli ferments the sugar with the formation 
of acid which changes the color of the indicator; Bacillus typhosus has 
no action on lactose, it is a non-lactose fermenter, so that the color 
remains unchanged. The same is true of the paratyphoid bacilli, 
which beha\ e in the same way and produce the same lesions as the 
typhoid bacillus, so that they may be eonsidered together. The final 
proof of the identity of a member of this group is afforded by produc- 
ing agglutination of the bacilli by a specific antiserum in high dilution. 

Infection.— The source of fresh infection is always human, either a 
patient suffering from the disease or a healthy carrier. The infection is 
ailmentary, and is conveyed by infected water, milk or food, or by 
direct contagion. Epidemics can usualh^ be traced to either water or 
milk infection. The bacilli do not multiply to any degree in water, but 
they multiply rapidly in milk, so that a milk-borne epidemic is more 
violent and explosive due to the massive infection. Food and milk 
may be infected by the contaminated fingers of a carrier (cook, dairy- 
man) or of a nurse who has been looking after a typhoid patient. 
Flies may convey the infection from uncovered dejecta to uncoxered 
fo(xl. Water infection is usually due to sewage (contamination. 

One of the chief sources of danger is the chronir carrier. A patient 
who reccA'ers from the disease may continue to harbor the bacilli 
in his body, which are discharged for years usually in the stools, some- 
times in the urine. A carrier is only dangerous when his occupation 
entails the handling of food or milk or if the excreta Jire not properly 
disposed (jf (camp life, armies in the field, etc.). 

The portal of entry is usually supposed to be the lymphoid tissue 
of the small intestine where the earliest lesions occur, but there has 
alw’ays been a wide gap in our knowledge between the entry of the 
bacilli into the mouth and the development of symptoms of infection. 
It is impossible to see typhoid bacilli in any numbers in the lesions, 
except when a c(3nsiderable interval has elapsed between death and 
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autopsy, and yet they can usually be demonstrated by cultural methods. 
Goodpasture has shown that in early stages of the disease small Gram- 
negative bacilli, which appear to be typhoid bacilli, can be seen in 
large . numbers in the cytoplasm of ypung plasma cells in the lymphoid 
follicles^ of. the ileum, and he suggests that the young plasma cell acts 
as an essential cellular host for the bacilli which multiply within it. 
The abdominal lymph nodes draining the bowel are infected from the 
beginning and give a pure culture of the bacillus. The bacilli multiply^ 
in the lymph nodes during the period of incubation ; they then pass by 
the thoracic duct to the blood stream and are liberated into the blood 
stream at the end of the incubation period; many of them are broken 
down and their endotoxins liberated. It is these toxins which cause the 
general sumptoms and some of the lesions (focal necrosis of liver, 
Zenker’s degeneration of muscle). 

Symptoms.— The symptoms are partly general, partly intestinal, partly 
hemopoietic. The general symptoms are fever, headache, malaise, lethargy, 
and a clouding of the mind which gives the 
name to the disease (typhoSj a cloud). These 
symptoms are a manilestation of toxemia 
due to the action of bacteriolysis on the 
bacilli; they therefore become more pro- 
nounced as the disease progresses. Rovse 
spots appear on the abdominal wall. Bron- 
chitis and nose-bleeds niay be early symp- 
toms. Thcintestinal symptoms arc abdominal 
discomfort, constipation or diarrhea. The 
hemopoietic symptoms are enlargement of 
the spleen, leucopenia, and disappearance 
of the polymorphonuclear leucocytes and 
eosinophils. I do not know if this is true of 
other localities, but the clinical picture as 
seen in Winnipeg and in the province of 
Manitoba has altered considerably, the clas- 
sical text-book picture is seldom seen, and 
diagnosis has become jnore difficult. The 
laboratory aids to diagnosis, and in partic- 
ular the Widal test, seem to be much less 
reliable than formerly. 

Lesions. - Typhoid fever is primarily 
an infection of the hemopoietic tissue, 
and in particular the lymphoid tissue ^ 

of the intestine, the abdominal Ivmpn fever; a collection of largo mono- 
nodes, the spleen, and the bone-niaiTow. nuclear cells, x fioo. 

As there is always a bacteremia any 

organ maybe involved, but the most important lesion to add to the 
above is infection of the gall-bladder. The tj^hoid bacillus excites 
a peculiar cellular reaction which is quite characteristic, and unlike 
the suppurative reaction produced by its pyogenic cousins, the colon 
bacillus and the dj-sentery bacillus. There is an almost complete 
absence of polymorphonuclear leucocytes, their place being taken by 
large mononuclear phagocytes of the reticulo-endothelial system. 
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(Fig. 60.) These phagocytes may contain lymphocytes, red blood cells, 
and other cell inclusions. (Fig 61.) The {esion is productive rather 
than exudative in type. The red marrow is filled with these cells, to 



Fig. Gl.— Typhoid macrophages. The one in the center contains a lymphocyte and 
four erythrocytes. X 1000. 


the exclusion of the polymorphonuclear and eosinophil leucocytes, thus 
explaining the leucopenia and the disappearance of polymorphonu- 
clears and eosinophils. 



Fio. G2. — ^Typhoid ulcers of the bowel. A necrotic slough occupies the center of each 

lesion. 


The intestinal lesions, which are confined to the lymphoid tissue, 
are most marked in the lower part of the ileum, but may involve the 
greater part of the small intestine and also the colon. The Peyer*s 
patches and the solitary follicles are crowded with the large mononu- 
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clear phagocytes, so that the lymphoid masses project above the 
surface. By the end of the fet week these, lesions become, necrotic, 
the overlying mucosa forms a sloughy and when tins separates it leaves 
an ulcer. ^ (Fig. 62.) ^The ulcers are round or irregularly oval with the 
long axis in the long axis of the bowel, since that is the direction of the 
Peyer’s patches. In the cecum and colon the ulcers are smaller, owing 
to the smaller size of the solitary follicles. Many are quite shallow, 
but the subinucosa is often perforated, so that the floor of the ulcer is 
formed by the muscularis or even the peritoneum. There may be 
no ulcers, for the patient may die of toxemia before ulceration has time 
to take place. The number and size of the ulcers bear no relation to the 
severity of the disease. But the ulcers are accountable for the two 
complications which are responsible for a majority of the deaths, 
namely, hemorrhage and perforation. As the patient may have a 
deep ulcer and yet be only slightlj*^ ill, it follows that every case of 
typhoid must be treated with the greatest care. The ulcers heal with 
the formation of little or no scar tissue. The uleer is covered by a 
simple type of epithelium without the formation of new glands. 

The lymph nodes of the mesentery are always involved, especially 
those which drain the lower ileum. Their sinuses are distended with 
large mononuclear phagocytes, and the nodes are therefore swollen 
and soft. 

The sj)1een shows acute splenic swelling. It is moderately enlarged, 
usually weighing about 500 grams, deep red in color and very soft. 
Microscopicallj' the usual collections of large mononuclear cells are 
seen with small areas of necrosis, but the most striking lesion is a 
crowding of the pulp with enormous numbers of red blood cells, so that 
it may seem to contain little but blood. The reason for this extreme 
congestion is not clear, for it is not seen in the other lesions; possibly 
the masses of mononuclears obstruct the outflow from the sinuses so 
that they become overfilled with blood. 

In the liver the typhoid lesion is focal necrosis. The lesion is really 
a combination of mononuclear proliferation and necrosis. The large 
mononuclears block the sinusoids and the liver cells become necrosed. 
The lesions are quite small and resemble miliary tubercles. 

The gall-bladder is always affected, and this is really one of the 
most important lesions, although the structural change is negligible. 
The bacilli reach the gall-bladder very early indeed, by way of the 
blood stream. Gay has shown that when typhoid bacilli are injected 
into the vein of a rabbit they can be recovered from the gall-bladder 
within one-half hour. The, bftcilli g.rpw readily Jn bile and pass into 
the feces. Cultures of the intestinal tract show that the bacilli are 
most numerous in the duodenum, and steadily diminish from above 
down. Most of the bacilli in the stools arc therefore derived from the 
gall-bladder and not from the ulcers in the bowel. The bacilli multiply 
in the gajl-bladder, so that far morp are found in the stool in the third 
than in the first week. The bacilli may continue to live in the gall- 
bladder after recovery and are passed in the stools; such a person is a 
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chronic carrier, for the bacilli are still virulent. The Widal test is 
usua,lly positive. Bacilli can be demonstrated in the wall of the gall- 
bladder during the disease, but any inflammatory lesions are very 
slight. The disease seems to predispose to the formation of gall- 
stones, which may contain living bacilli many years after the original 
infection. In carriers the mucosa is infiltrated with lymphocytes and 
contains many lymph nodes with germinal centers (Mallory and 
Lawson). 

The kidneys show cloudy swelling and clumps of bacilli, so that 
bacilli often appear in the urine. A urinary carrier continues to dis- 
charge bacilli long after reco\’ery. 

The Iimgs may show bronchitis in the early stage and pneumonia 
(lobar or bronchopneuiiionic) later. The pneumonia is usually pneu- 
moeoeeal, but it is sometimes due to the typhoid bacillus. 

The heart muscle is soft and swollen, and the blood-pressure low. 
The pulse is characteristically slow, and the pulse often dicrotic. 

The veins arc often thrombosed, especially the femorjd and saphen- 
ous veins and the cerebral sinuses. 

The muscles may show Zenker’s degeneration, a hyaline change in 
which the fibers lose their transverse striations and are broken up into 
swollen hyaline masses. The chief sites are the lower part of thi‘ 
rectus abdominis, the diaphragm, and the thigh muscles. Rupture 
of the muscle may occur with hemorrhage. The condition, which is due 
to the toxins, may also occur in other infec‘tions. (Fig. 12, page 38.) 

The hones may show a chronic suppurative lesion, either abscess or 
periostitis, which may come on months or years later. The coimnon 
sites are the tibia, sternum, ribs, and spine. The pus often contains 
living typhoid bacilli. 

The blood shows a marked leucopenia (2000 to 5000 per c.inm.), 
with decrease in the polymorphonuclears and eosinophils (these may 
vanish) and an increase of large mononuclear cells. 

The Relation of S3rmptoms to Lesions. —The general symptoms such 
as fever, headache, lethargy are due to the toxins which are liberated 
when the bacilli are broken down in the blood stream. The rose 
spots are caused by bacterial emboli in the skin capillaries. The 
enlargement of the spleen which forms one of the chief clinical pictures 
is due to the great accumulation of cells in the splenic pulp. The 
intestinal symptoms including hemorrhage and jjerforation are the 
result of the ulcers. The blood changes (l(*ucopenia, disappearance 
of polymorphonuclears and eosinophils) are the dire(!t result of the 
lesions in the bone-marrow. The carrier state is an indication that the 
constant infection of the gall-bladder has become chronic instead of 
clearing up. 

Laboratory Aids in Diagnosis. -The four most valuable laboratory tests are: 
(1) bkjod culture, (2) the Widal test, (3) the demonstration ()f bacilli in the 
feces and the urine, and (4) the leucocyte count. Blood culture is positive 
at the beginning of the disease (the period of bacteremia) and during the first 
week. £ter that more and more bacilli are destroyed so that it becomes 
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increasingly difficult to get a positive culture. The Widal test has a great 
reputation, but it has very real limitations and is less valuable now than 
formerly for the two reasons that many persons who have been inoculated 
against typhoid give a positive agglutination reaction, and many cases of 
typhoid do not give a reaction until late in the disease, by which time the 
diagnosis is self-evident. After recovery the agglutinins persist for months, 
sometimes for years, while the agglutinins due to inoculation usually disappear 
in a few months, although they may reappear after a number of years as the 
result of some non-typhoid disease {anamnestic reaction). The l^idal test is 
riGRative in carriers. Bacilli in the stools are found more readily in 
carriers than in the active disease. They are most numerous in the third weelc, 
as by that time the bile is loaded with bacilli. The urine may contain bacilli 
in the third week. The diazo reaction in the urine is negatively pathognomonic, 
as it is present in practically every case, but is also found in other infective 
fevers, especially miliary tuberculosis, which may simulate typhoid. Culture 
of the 6i7e obtained by duodenal drainage is one of the best methods of detecting 
a carrier. The peculiarities of the leucocyte count have already been described. 
For making an early diagnosis the two most valuable tests are blood culture 
and the leucocyte count. 

TUBERCULOSIS 

Tuberculosis is a chronic inflammation caused by the tubercle 
bacillus. It belongs to the group of the infectious gramilomatn, other 
members of which are syphilis, leprosy, actinomycosis, and other less 
common infections. The original meaning of the word was a new 
formation resembling granulation tissue. The resemblance to granula- 
tion tissue is fancied rather than real. A granuloma is an inflam- 
matory mass consisting largely of epithelioid cells, as in tuberculosis, 
or of lymphocytes and plasma cells, as in syphilis, whilst in actinomy- 
cosis an added suppuration complicates the picture. The variations of 
tuberculosis are endless but they arc merely the result of the interplay 
of the forces of destruction and repair. In man the tendency **to rei)air 
is commonly greater than the destructive process, especially if the 
affected part such as the lung can be put at rest. Even though destruc- 
tion may have proceeded for some time it may be followed by a re- 
markable degree of repair, so that in tuberculosis it cannot be said that 
“the struggle naught availeth, the labor and the wounds arc vain.” 
In this struggle the three factors to be considered are si 4 £..pt,dose, 
immunity and allergy. Virulence of the bacilli might be added, but 
this does not appear to play an important part. 

The disease is amazingly widespread, as is shown both by the 
tuberculin reaction and autopsy examination. The figures naturally 
vary in different countries, and the incidence is higher in large cities 
than in rural districts. Statistics compiled from the great centers 
and from the poorer classes of the community show that before the 
age of ten about 15 per cent, before the age of twenty from 30 to 60 
per cent, and after middle life about 99 per cent of persons are infected. 
These figures were compiled from autopsy studies in the earlier part 
of this century. As a result of the campaign against tuberculosis a 
generation of children and young adults has grown up which has escaped 
primary infection and is negative to tuberculin. Thus in a school for 
nursing at Oslo 52 per cent of the entering students were tuberculin- 
11 
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negative (Ileimbeck). This has produced a great change in the disease 
picture. 

The Tubercle Bacillus.— The Baciilus tuberculosis, discovered by Koch in 
1882, is a thin, curved rod, sometimes beaded, staining with difficulty and 
growing in artificial culture with still greater difficulty. Koch's discovery is 
one of the masterpieces of bacteriology. In the course of one year he found it, 
invented a culture medium on which it could be grown, and reproduced the 
disease in animals. It can be recognized by its acid-fast character. The bacillus 
is a strict aerobe, growing best in an abundant supply of oxygen. This may 
explain the fact that the lung is by far the most important site of tuberculosis. 
It is important to remember that many saprophytic non-pathogenic acid-fast 
bacilli occur in Nature, c. g,, in hay, butter and milk, and others may occur 
in man apart from tuberculosis, in t^ sputum, saliva and smegma. A rapid 
method of demonstrating the bacilli in sections of tissue is by the use of 
fluorescent dyes and the fluorescent microscope. The bacilli appear as bright 
rods on a dark background, and can be seen without an oil-immersion lens, so 
that a wider field can be covered. 

Chemical analysis has shown that the tubercle bacillus consists of a number 
of fractions, of which a protein, a polysaccharide and a lipoid (phosphatide) 
seem to be the most important. The lipoid is responsible for the acid-fastness, 
and for the most characteristic element in the cellular reaction, the epithelioid 
cell. Dead bacilli can therefore produce typical tuberculous lesions character- 
ized by typical cellular reactions and necrosis. Moreover when the lipoid is 
extracted and injected it causes similar changes. It is on the protein fraction 
that the allergic response depends, and tuberculin, which is a glycerin extract 
of tubercle bacilli, consists largely of this fraction. The significance of these 
facts will become evident as we proceed. 

The bacilli can be demonstrated in three w^ays: by staining a smear or 
section, by inoculating a guinea-pig, and by culture. (1) The staining method 
is the most commonly used for sputum examination, but 100,000 bacilli per 
cc. must be present if they are to be detected by this method. (2) Guinea-pig 
inoculation is 1000 times more sensitive, but the long delay (a month or more) 
is a great disadvantage. Feldman has shown that a quicker result is obtained 
by injecting the material into the brain. (8) Various methods of culture have 
been used (potato medium, etc.), the results corresponding closely to animal 
inoculation both as regards reliability and time consumed. In 1946 Dubos 
introduced the use ()f a commercial detergent, a Avater soluble lipid (TAveen 80), 
added to some of the common fluid media. This has revolutionized the rate 
of growth, positive cultures being noAv obtained in from eleven to fifteen days. 

In human pathology tAvo forms of tubercle bacilli are important, the human 
and bovine; perhaps a third should be added, the avian. The bone type is 
likely to be met Avith in children OAving to the larger consumption of milk, the 
human form in the adult. The tAA'o varieties of bacilli cannot be distinguished 
with certainty under the microscope, but can readily be differentiated by 
culture and animal inoculation. On glycerin agar the human type grows readily, 
the bovine type does not. On the other hand, the bovine type Avill produce a 
fatal general tuberculosis wffien injected into a rabbit or calf, whereas the same 
dose of human tubercle bacilli Avill only cause a local lesion. The percentage 
of the bovine type of infection varies much in different countries. The bovine 
bacillus plays a very small part in pulmonary tuberculosis. For practical 
purposes it may be said that every adult case is human in type, although a 
number of cases of bovine infection have been recorded. Blacklock, in an 
investigation of childhood tuberculosis in Glasgow where the bovine form of 
infection is quite prevalent, found that all the pulmonary cases were of the 
human type. 

The Inflaimiiatory Reaction.— 'The reaction of the body to the 
tubercle bacillus varies considerably, depending on the following fac- 
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tors: (1) the species of animals, (2) the size of dose, (3) the question of 
whether the animal is tuberculosis-free or has already been infected. 
The influence of these factors will be discussed as we proceed. In 
spite of possible variations there is a standard type of reaction caused 
by a moderate dose of bacilli of unattenuated virulence in a susceptible 
species of animal which is infected for the first time. Polymorphohi 
nuclear leucocytes are the first to arrive in response to an injection of 
tubercle bacilli. They are actively phagocytic, but are unable to 
damage the bacilli which they engulf. They play a useful part, how- 
ever, in focalizing the infection by preventing to some extent the 
drift of bacilli through the tissues. The response of the polymorpho- 
nuclears is very much more marked in a reinfection, i. <?., in the allergic 
inflammation of an already tuberculous animal. Their appearance is 
transitory, and within twenty-four hours they are replaced by mono - 
miclear cells, also known as macrophages and monocytes. 

These cells represent the essential reaction of the Kody to the tubercle 
bacillus, but it is to the fatty envelope of the bacillus that the response 
is made, for the same effect is obtained by the injection of lipoid 
extracted from the bodies of the bacilli. In some of the experimental 
work they have been the first cells to arrive. Thus Fried found that 
the intratracheal injection of bacilli in the rabbit caused an amazingly 
rapid appearance of mononuclears. When the animal was killed one 
minute after the injection the cells had begun to appear and in the 
course of five minutes a definite primithe tubercle had been formed 
within the ah^coli. The mononuclears are highly phagocytic members 
of the reticulo-endothelial system. It appears probable that they 
have a dual origin. In the liver and lung they arise from the histio- 
cytes or fixed cells of the system (Kupffer cells, alveolar phagocy tes), 
while in the omentum they appear to be derived from the monocytes 
of the blood. The bacilli and also the_£olymorphonuclears contam 
bacilli are phagocy tosed by the mononuclears, ty which they are 
gradually broken down with dispersion of the lipoid throughout the 
cytoplasm. This dispersion results in the transformation of tl^ mono- 
nuclear into the epith elioid cell (epit helial-lik^7 which Is' the most 
charactenSic smid^^ of the tuberculous reaction. It is a large, 
pale cell with rather indistinct margins, the nucleus is large and 
vesicular, and the abundant cytoplasm often presents processes which 
pass from one cell to another to form an epithelioid reticulum. The 
epithelioid cell, then, may be regarded as a large mononuclear which 
has partially digested tubercle bacilli, and its distinctive cytoplasmic 
state seems to be the result of destruction of many bacilli with progres- 
sive emulsification of their lipoid (Long, Lurie). The epithelioid cell 
is particularly rich in ascorbic acid (vitamin C), and it seems probable 
that this substance is connected with the enzyme activity of the princi- 
pal reactive cells. The lymphocytes of the tubercle do not contain 
any demonstrable ascorbic acid. It is evident that by the time the 
mononuclears have become transformed into epithelioid cells the bacilli 
have undergone extensive destruction. This explains the difficulty 
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which is experienced in demonstrating bacilli in the ordinary type of 
lesion in man, in which they are few and far between and may only 
be found after prolonged search, although in acute fulminating lesions 
such as tuberculous caseous pneumonia they may be present in great 
numbers. The mononuclears do not always have the power of destroy- 
ing the bacilli which they engulf. Thus in the rat the bacilli thrive 
and multiply within the phagocytes, and the latter also multiply with 
the remorselessness of a malignant growth, until finally the animal 
^uccumbs to the cellular accumulation. 

^cef/jL a re formed by fusion of a number of epithelioid cells . 
They may attain a great size, and contain large huriibers of nucici, 
usualFy arranged either around the periphery or at one or both poles, 
but occasionally scatterecl through the cytoplasm. Kledlar points 
out that the matrix of the cell is necrotic (caseous) from the beginning, 
and suggests that the peculiar arrangement of the nuclei at the periph- 
ery is due to the epithelioid cells surrounding a central piece of necrotic 
material. Giant cells are not formed until necrosis has occurred. 
They are found in small caseous areas or at the edge of larger areas. 
They often contain tubercle bacilli, and their Junctum 
r emov e dea d tissue . They are foreign body giant cells, and indicate 
that an active resistance is going on. Giant cells are very characteristic 
of tuberculosis, but they occur in other chronic infiammations (syphilis, 
actinom;sx*osis), and they may be absent in the acuter forms of tuber- 
culosis where resistance is low (tuberculous meningitis, etc.), and in 
very low-grade infections w’here there is no necrosis. 

By the end of a week and form a ring around 
the periphery of the lesion. They are small cells with dark nuclei, 
identical with the lymphocytes of the blood, but they are probably 
derived from the (xlls of the perivascular lymph sheath or other 
lymphoid structures. Lymphocytes probably play an important role 
in the resistance of the body to tubercle bacilli. The protective action 
seems to be due to the lymphocytes disposing of the bacterial toxins 
rather than to a direct action of the bacilli. It is well-known that 
tubercle bacilli gro^v more readily in lymphoid tissue than elsewhere, 
indicating that the lymphocytes are unable to inhibit the growth of 
the bacilli. 

The small mass of newly-formed or newly-arrived cells constitutes 
a tiny translucent nodule visible to the naked eye and known as a 
tubercle or miliary tubercle (Fig. 63), since it is at first about the size 
of a millet seed, although it increases in size and several tubercles may 
fuse to form a larger mass. It is avascular, so that when the vessels 
of a tuberculous organ such as the lung are injected with a colored 
medium the tubercles stand out unstained. By the end of the second 
wee k ca^*seaiion begins . This is a form of coagulation necrosis caused 
by. the. bacterial toxins, and the intensity of the necrosis varies with 
the size of dose. Massive infection is likely to be accompanied by 
extensive caseation, as in acute tuberculous pneumonia. In the center 
ot^he tuberple the cells lose their outline, the nuclei disappear, and 
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all vStructure is lost. (Fig. 64.) In the caseation of a syphilitic gumma 
the loss of structure may not be so complete, and some of the original 
outline may still be dimly discerned. Other respects in which the two 



Fig. 63, -A miliary tubercle in the lunn;, showiiiK epithelioid cells, giant cells, and 
peripheral lymphocytes. X 150. 



Fig. 64. — Tuberculous caseation, showing destruction of epithelioid cells. X 325. 
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lesions may differ will be considered in connection with the gumma. 
The tubercle now presents a homogenous center staining red with 
eosin, a periphery of pale epithelioid cells with one or more giant cells, 
and an outer zone of dark blue lymphocytes. Caseation is not always 
present. It. is absent in the hyperplastic form where the virulence of 
the bacillus is low or the resistance high. 

There is a tendency for caseation to be followed by softening and 
liquefaction. Long points out that softening of the caseous tubercles 
is the key problem in tuberculosis, for were it not for softening the 
disease would be self-limited. Softening is associated with an extra- 
ordinary multiplication of the bacilli, so that when liquefied material 
is first discharged into a bronchus it has its maximum infecting power. 
From this it follows that acute fresh cavities discharging soft yellow 
lumps in the sputum are highly infective, while old chronic cavities 
are not an important source of infection. The precise cause of the 
softening is not understood. 

The future history of the tubercle varies greatly. (1) The experimental 
tubercle may resolve, disappear copaplctely^ -and leave no trace. It 
is difficult to know if this occurs in man, but it probably does. The 
peritoneum may be found studded with tubercles, and yet if the abdo- 
men is opened a year later the membrane may be smooth and normal. 
(2) A very common occurrence is for the caseous area to be surrounded 
by fibroblasts which form a fibrous capsule for the tubercle. Lime 
salts are deposited, and the calcified tubercle is said to be healed^ but 
even in this quiescent lesion Imng bacilli may still lurk and can be 
demonstrated by animal inoculation. Reticulum may be present in 
tubercles composed entirely of epithelioid cells, and as reticulum is 
formed before connective tissue it is possible that the one may develop 
into the other, and that the mononuclears may take some part in the 
formation of collagen. (3) There may be a low-grade inflammation 
with the formation of tuberculous granulation tissue with many tubercles 
but no caseation. This is due to low virulence or high resistance. 
This hyperplastic form is seen in the synovial membrane of joints, 
in the ceciun, and occasionally in lymph nodes. (4) There may be 
spread of the infection, the bacilli being carried by phagocytes through 
the tissues” giving rise to the formation of new tubercles which fuse 
together until large caseous areas are formed. (5) There may be an 
acute inflammatory reaction when the infection is virulent or massive, 
as seen in tuberculous meningitis and acute tuberculous pneumonia. 

This reaction, in place of being mainly productive, is essentially 
exudative in type and is characterized by a great outpouring of poly- 
morphonuclear leucocytes and serum with, it may be, an abundant 
formation of fibrin. It is, however, not in first infections but in rein- 
fections, sometimes called secondary infections, that the acute inflam- 
matory reaction is seen to best advantage, and we may now turn to 
a consideration of the lesions which develop in the already tuberculous 
or allergic animal or man. 
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Allergy and Immunity in Tuberculosis.— Robert Koch realized the 
fundamental distinction between the reaction to the tubercle bacillus 
in a healthy animal and in one already infected with tuberculosis. 
If a healthy guinea-pig is inoculated with tubercle bacilli of low viru- 
lence a nodule forms by the end of two weeks. This breaks down and 
never heals, for the guinea-pig, in contradistinction to man;,3ff!S no 
natural immimity. The regional lymph nodes become enlarged and 
caseous, as the bacilli are not retained at the site of inoculation. 
These tuberculous nodes form a valuable indication of the site of the 
primary infection. Involvement of the cervical nodes points to the 
tonsil as the portal of entry, the tracheo-bronchial nodes to the lung, 
the mesenteric nodes to the intestine. Swelling of the regional nodes 
is followed by general infection of the guninea-pig and death in two or 
three months. 

The sequence of events following the inoculation of an animal 
which has previously been infected (reinfection) is very different. If 
a second dose is given a couple of weeks after the first, a local swelling 
appears in a few days; this breaks down and forms an ulcer, but the 
ulcer soon heals, and the regional lymph nodes are not enlarged (Koch 
phenomenon). This does not mean to say that they are not infected, 
for tubercles can be found in the nodes both in the experimental 
animal and in human reinfection, but most of the bacilli are retained 
at the site of inoculation, and those which succeed in reaching other 
parts find the soil unfavorable. The local reaction is an acute inflam- 
matory one, it is more prompt in its appearance than in the healthy 
animal, and it is characterize by marked outpouring of polymorpho- 
nuclear leucocytes and plasma and above all by the occurrence of 
massive necrosis. It will be recognized that this reaction, which can 
be elicited by the injection of dead bacilli and tuberculin as well as 
by active infection, is a manifestation of the allergic inflammation 
which has: already been studied in the previous chapter. It is depen- 
dent on the fact that the relatively bland tuberculoprotein acts in 
the allergic body as a powerful irritant and necrotizing poison. 

It has long been supposed that it is due to the protective action of 
this allergic inflammation that the lesion of reinfection in the now 
hypersensitive animal is more localized and that the regional lymph 
nodes are not massively involved. No clear distinction was drawn 
between allergy and immunity in tuberculosis, and the fact that the 
allergic animal enjoyed the benefits of protection was attributed to 
the allergic local reaction. A local sacrifice of tissue was regarded as 
the necessary price to be paid for protection of the rest of the body. 
Rich believes that allergy and immunity in tuberculosis are two entirely 
distinct entities, and that one can be destroyed without affecting the 
other. Both states develop as the result of infection, but they represent 
the response of the body to different elements in the tubercle bacillus, 
so that immunity is not achieved through allergy. In opposition to the 
views of Rich is the work of Willis and Woodruff, who infected guinea- 
pigs some of which were allergic and some had been desensitized. In 
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the desensitized animals there was an overwhelming growth of tubercle 
bacilli compared with growth in the allergic animals. 

The response to tuberculin is an allergic one. Tuberculin allergy 
may disappear after healing of a tuberculous lesion, although sensi- 
tivity is never lost in presence of active infection. Children often 
change from a positive to a negative tuberculin reaction, but this 
rarely happens in adults. 

The distinction between primary and secondary infection can be 
seenjff^e'^luhgs: tTsing the regional lymph node involvement as an 
indicafor of tKe primary lesion, Ghon was able by carSurdTissection to 
demonstrate a primary lung lesion in over 90 per cent of children. 
TMs Jesio n ^ piteikcallie^ the Ghon lesion (Fig. 65), ia a small caseous 

focus not more than 1 cm. in 
diameter, usually single, and 
situated in any "part of the 
lung, but generally just under 
the pleura, and limited by a 
fibrous capsule. There is a 
larger caseous, focus in the 
lymph nodes draining this area. 
It is of interest to note that 
Ghon^s work was published in 
1912 but the lesion known by 
his name was described in ever;^' 
detail in 1898 by a Paris phy- 
sician, George Kiiss, who wrote 
a monograph on the subject 
which has been completeI;s' 
neglected. Very many of these* 
lesions are healed, not onl\' 
calcified but ossified. These* 
lesions seldom contain viable 
tubercle bacilli, as shown by 
culture and guinea-pig inocula- 
tion (Feldman and Baggens- 
toss). The lesion may be 
healed, and yet the histolog- 
ical picture (cellular infiltra- 
tion) may suggest active infection owing to the frequent presence of 
silica. If healing does not occur the child becomes allergic, the caseous 
lesjoTiSL^hreak-down, and a rapidly spreading tuberculous pneumonia is 
apt to develop. The younger the child the greater is the danger, for he 
has not had time to become immunized by repeated minimal infections. 
Therefore tuberculosis is especially dangerous in the first year of life. 
The child with primary infection either recovers or dies; he does not 
develop the chronic thick-walled cavities so characteristic of the disease 
in the adult. 

Opie has shown by means of roentgen-ray pictures of the lungs re- 



Fig. 66. — Active Ghon lesion. There is a 
Bubpleural caseous lesion in the lower lobe. 
The lymph nodes at the hilus are enlarged and 
caseous. Miliary tubercles are scattered 
through the lung, especially in the lower lobe. 
Some of the upi>er lobe has been removed. 
Death was due to general miliary tuberculosis. 
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moved from the body at autopsy that two types of healed calcified 
lesion can be distinguished. In the one there is a focal lesion which 
may be in any part of the lung and is associated with caseous or 
calcified lymph nodes indicating a primary infection; in the other 
there is an apical lesion with the character of a second infection and 
no involvement of the regional lymph nodes. The first type is found 
in children and persists in adults; the second type occurs in adults. 

A period of latency separates the primary and secondary types. 
The years from four to fourteen are almost free from fatal pulmonary 
tuberculosis. 

When an adult develops tuberculosis he has already been infected 
in childhood. The one lesion is not a development of the other, but 
the result of a fresh infection from without massive enough to break 
down the immunity produced by the primary lesion. As the adult 
lesion is of the secondary type it will become caseous and break down 
with the formation of a cavity. If the immunity due to the primary 
lesion has disappeared, reinfection will be of the nature of a first infec- 
tion, and the patient may die of acute tuberculous pneumonia as in 
the first year of life. Owing to the greatly decreased incidence of child- 
hood tuberculosis, primary tuberculosis in the adult is becoming in- 
creasingly common. The majority of persons infected for the first time 
in young adult life show few symptoms or serious effects, the disease 
being detected by routine tuberculin tests followed by roentgen-ray 
examination. If exposed a second time to infection, the patient will 
develop the usual lesions and symptoms of reinfection. 

It is evident that immunity is the master word in tuberculosis. 
It is more to be desired than freedom from infection, for the latter 
is an unattainable ideal, and the rarer the infection the more dangerous 
does it become. 

Method of Infection. —It is easy to infect a susceptible animal by 
three routes: inoculation, inhalation, and ingestion. In man we are 
interested not in possible routes, but in the method of common occur- 
rence. Unless this is known prevention is not possible. 

1. Congenital Infection.— This may occur through the placenta, and 
tubercle bacilli have been found in the mesenteric lymph nodes of the 
newborn. It is so rare as to be negligible. 

2. Infection Through the Skin.— This is the chief method of infection 
in the experimental animal, but in man it is of little importance. A 
tuberculous lesion may develop on the hand of a nurse, surgeon, or 
pathologist (verruca necrogenica) through handling infected material. 
The infection may spread to the regional lymph nodes, but seldom 
gives rise to general tuberculosis. 

3. Infection Through the Oastro-intestinal Tract.— This is the route 
through which children are infected by drinking tuberculous milk. 
In children at least 60 per cent of the cases of abdominal tuberculosis 
are due to the bovine type of bacillus. Most of the cases of cervical 
lymph node tuberculosis in children are bovine in type, the bacilli 
entering by way of the tonsils. On the other hand, pulmonary tuber- 
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ciilosis in the adult is never bovine in type and very rarely in children. 
The lungs are therefore not infected through the gastro-intestinal tract. 

4. Infection by Inhalation.— This is the route by which the lungs are 
infected. There are three ways in which tubercle bacilli may be inhaled 
into the lungs. 

1. Diwt Infection,— Infected sputum when it dries may become 
converted into dust, and the bacilli are inhaled with the dust. It is 
hard to say how frequent this method is. The bacilli are readily 
killed by sunlight, though they may survive a long time in the dark, 
so that most of the dust in the street can only be slightly infective. 
Moreover, only minimal doses are likely to be inhaled in this way, 
and such doses are more likely to induce immunity than to break 
down infection and cause serious disease. But if a person lives in 
the same house as a patient with pulmonary tuberculosis who expec- 
torates on the floor there is great danger of infection. 

2. Droplet Infection —Vi\\en a patient with pulmonary tuberculosis 
coughs he infects the air in his immediate neighborhood with millions 
of tubercle bacilli contained in tiny drops of moisture. Exposure to 
a patient who takes no precautions when coughing may be followed 
by the massive infection which is so important in breaking down 
resistance. This is probably the chief method of infection in the adult. 

3. Mouth Infection,— hactervdy e. g,. Bacillus prodigiosus, when 
placed in the mouth of an animal can be demonstrated in the lungs 
in a few minutes; they appear to have been inhaled in minute droplets 
of fluid. It is probable that many children ficqiiire the human type 
of infection through introduction of bacilli into the mouth by con- 
taminated hands followed by Inhalation, for infection is commonest 
at a j>eriod (three to six years of age) when the child is most in the 
open air and least likely to be infected by the first two methods. 

Method of Spread.— The tubercle bacillus is non-motile, but it can 
be transported in the bodies of phagocytic cells. There are four chief 
methods of spread: 

1. By Direct Extension.— The phagocytes carry the bacilli into the 
lymph spaces of the surrounding tissue. More and more tissue becomes 
necrotic, until the caseous area may become very large. 

2. By the Natural Passages.— The infection shows a tendency to pass 
along a tube, which is never seen in syphilis. It may spread from the 
kidney down the ureter to the bladder, from the testicle along the 
vas deferens to the prostate, from one part of the lung to another by 
the bronchi. This spread may be in the submucous coat of the tube 
or inside the lumen, i. e., sputum coughed up one bronchus and inhaled 
into another. 

3. By the Lymphatics.— Tuberculosis is primarily an infection of 
lymphoid tissue. The bacillus may be detained by the lymph follicles 
of the mucosa (pharynx, bronchi, intestine) or by the regional lymph 
nodes. If it succeeds in passing the Scylla of the lymph follicles and 
the Charybdis of the lymph nodes, it sets out upon an Odyssey which 
may carry it far, but always toward the lungs. If it enters the thoracic 
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duct it gains the venous blood stream and reaches the lungs. Here it 
may be arrested and may set up a focus of disease and infect the 
bronchial lymph nodes, or it may run the gauntlet of the pulmonary 
capillaries, enter the general circulation, and reach any organ in the 
body. 

Krause has shown that in the experimental animal this dissemination 
may be remarkably rapid. He injected virulent bacilli under the 
skin of a guinea-pig, and found the bacilli in every part of the body 
in the space of four days, long before the appearance of the local lesion. 
When the inoculated area was excised at the end of an hour it was 
already too late. It must be remembered that the guinea-pig is a highly 
susceptible animal, and that these results cannot be applied unre- 
servedly to man in whom resistance is comparatively high. We shall 
sec, however, that syphilis shows just the same rapid dissemination 
from the primary seat of infection long before a local lesion has had 
time to appear. 

4. By the Blood Stream.— From what has just been said it is evident 
that tubercuhm bacilleviia is a common if not an invariable accompani- 
ment of tuberculous infection. The bacilli have been demonstrated 
in the blood by means of suitable technique in cases of active tubercu- 
losis. There is a good deal of difference of opinion at present as to 
how frequently this can be done. Lowenstein and his associates have 
published startling statistics claiming that the bacilli can be culti- 
vated from the blood in the majority of cases of tuberculosis, even 
in such localized forms as tuberculosis of the eye, skin and kidney. 
Positive findings have also been reported in chorea, rheumatic fever, 
and multiple scUirosis. In a critical analysis of these results, Wilson 
points out that acid-fast bacilli are occasionally present in commercial 
distilled water, tap water, dust, etc., and considers from the results 
of animal inoculation that the percentage of positives in severe pul- 
monary tuberculosis is 5 to 10 per cent, in miliary and meningeal 
tuberculosis it is IlO to 40 per cent, and only 2 per cent in cases of 
non-pulmonary tuberculosis. A bacillemia must be distinguished from 
the condition known as general vnliary tuberculosis. Here enormous 
numbers of bacilli are poured into the blood stream. It used to be 
thought, following the teaching of Weigert, that this massive infection 
was the result of a tuberculous focus ulcerating through the wall of a 
vein. It seems probable, however that the correct explanation is 
drainage of tubercle bacilli from an active extrapuhnonary tuberculous 
focus (bone, kidney, etc.), or a primary focus in the lung by the lym- 
phatics into the venous system (Auerbach). The result is an acute 
toxic infection which may terminate in death in the course of a few 
weeks. Tiny miliary tubercles are found in every organ of the body, 
though these may hardly be visible to the naked eye. It is a mistake, 
however, to think that miliary tuberculosis must be acutely fatal. 
Chronic miliary tuberculosis is compatible with years of life and with 
recovery (Hoyle and Vaizey). The lesions are tough fibrous nodules 
with few lymphocytes, though there may be some epithelioid cells. 
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Healed tubercles may be found at autopsy not only in the lungs, but 
in the spleen, Ih er, and other organs. 

LEPROSY 

Leprosy, like tuberculosis and syphilis, is an infective granuloma, and a 
comparison of these three diseases makes a good exercise for the student of 
patholog>\ It is caused by Bacillus lepra?, an acid-fast bacillus closely resem- 
bling the tubercle bacillus. Unlike the tubercle bacillus, the bacillus of leprosy 
has not been cultured, nor have laboratory animals been infected success- 
fully. The exact mode of infection is not known, but it is probably by direct 
contact. Ulcerated lesions of the nose and skin may discharge enormous 
numbers of bacilli. In spite of the popular opinion, the disease is only slightly 
contagious. Intimate and long-continued contact is necessary for infection to 
occur. Nurses and doctors in charge of lei>er colonics are very seldom infected 
if they take proper precautions. The incubation period is long and the exact 
time unknown. 



Fig. 66. — Nerve lesion in leprosy. Nerve bundles bound together by fibrous tissue. 

X 18. 


The bacilli are distributed widely throughout the body, but the most impor- 
tant lesion.s are those of the skin and the nerves. C>)rresponding to these 
lesions two clinical types are recognized, the nodular or tubercular form and 
the anesthetic form. In the former nodules or masses are formed in the skin, 
particularly of the face, hands, and feet; in the latter there are anesthetic 
patches on the skin. The two forms are frequently combined. A cellular 
granulation tissue is formed. This is composed mainly of large mononuclear 
cells known as lej)ra cells. These usually have a pale foamy appearance owing 
to a high lipoid content. They may be crowded with acid-fast bacilli, the 
source of the lipoid. Some of the cells attain a large size and may be called 
giant cells, but they are quite different from the multinucleated giant cells of 
tuberculosis. The new granulation tissue is diffuse, and does not show the 
grouping of the cells into follicles so characteristic of tuberculosis. Nor is 
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there any caseation, but ulceration of the superficial lesions is common, so 
that there may be great destruction of the fingers, nose, ears, etc., with terrible 
disfigurement. Leprous lesions are found in the liver, spleen, and other organs. 

The lesions of the nerve trunks are peculiar to leprosy. They occur in the 
nodular as well as in the anesthetic form. There is a perineuritis, and the 
thickened nerves can be felt as cords under the skin of the arm and leg. The 
bacilli penetrate between the nerve bundles, and there is first a formation of 
loose granulation tissue and later fibrosis. (Fig. 66.) The nerve fibers are 
destroyed, so that anesthetic areas are produced, followed later by motor and 
trophic disorders. The destructive lesions already mentioned may be partly 
trophic, but in part they are due to loss of sensation with subsequent injuryT 

The clinical diagnosis is seldom difficult (nodular lesions and anesthetic 
patches), but in doubtful cases the acid-fast bacilli can be demonstrated in 
the discharge from the nose and the skin lesions, or a section of skin can be 
removed and stained for lepra bacilli. In active cases of the cutaneous type 
myriads of bacilli may be found in smears of serum made from a small incision 
in any part of the skin, even though it may appear quite normal. In the nerve 
lesions, on the other hand, bacilli can seldom be detected. 

SYPHILIS 

Syphilis is a spirochetal infection in which the organisms enter 
through the skin or a mucous membrane, and become widely dis- 
tributed throughout the body long before a local lesion is produced. 
Every organ may be infected, and nearly every disease may be simu- 
lated by syphilis. Of all diseases it is the most subtle. It is a master 
of disguise. There is no symptom which it cannot cause, no syndrome 
for which it may not be responsible. The incidence is said to be not 
less than 5 per cent of the population. At least 500, OCX) new cases 
occur every year in the United States. It is more common than 
measles, twice as common as tuberculosis and is responsible for 10 per 
cent of all cases of insanity. It is therefore essential to keep syphilis in 
mind in every differential diagnosis. The problems of the etiology and 
treatment of syphilis have engaged the attention of in\'estigators for 
hundreds of years, but the fundamental contributions to our present 
knowledge were all crowded into the first decade of the twentieth 
century. In 1903 Metchnikoff and Roux succeeded in inoculating a 
chimpanzee with syphilis, in 1905 Schaudinn and Hoffman discovered 
the Spirochfieta pallida, in 1906 Wassermann published his comple- 
ment-fixation test, and in 1910 Ehrlich introduced the arsenical treat- 
ment (“606”) to the medical profession. In the knowledge of no other 
disease have such extraordinary advances been made in so short a 
time. One of the most remarkable chapters in the history of s>q)hilis 
is the story of how John Hunter inoculated himself on the glans and 
prepuce with the discharge from a venereal sore, and proceeded to 
observe and record with the detachment of the scientist the lesions as 
they appeared and disappeared over a period of three years. He 
exi)erimented with various forms of mercurial treatment, but always 
stopped when there appeared to be danger of curing the disease. The 
story may be read in lA)ng’s Readings in Pathology. 

SpirochSBta Pallida.— The Spirochaeta pallida (Treponema pallidum), 
discovered Schaudinn in 1905, is a delicate spiral -shaped organism. 
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actively motile, with 6 to 15 sharp spirals. It is stained only with 
great difficulty by aniline dyes, and can be grown only under strictest 
anaerobic conditions. These reasons helped to delay its discovery 
so long. The name "'pallida'' is earned by its pale appearance in 
stained smears. Spirochetes are present in all syphilitic lesions, but 
primary and secondary lesions are far more infective than tertiary 
lesions, for in the latter the spirochetes are very scanty. The lesions 
of congenital syphilis are particularly dangerous, as they are swarming 
with spirochetes. 

The disease can be transmitted to the lower animals, most easily 
to the monkey and the rabbit. It is best to inoculate the virus into 
the external genitals of the monkey and the testicle of tlie rabbit. 

It is probable that there are different strains of spirochetes, some 
of which may have a tendency to attack a special tissue such as the 
nervous system. It is, however, still difficult to be certain if the site 
at which a lesion develops depends more on tissue factors or on spiro- 
chetal factors. 

The spirochetes can be demonstrated in three ways: 

1. By Dark-field Illumination . — The spirochetes are examined living, and 
are recognized by their active motility and their sharp cork-screw spirals. 
This is the best method for primary lesions and secondary lesions which are 
discharging. The method is liable to grave error in lesions of the month, as 
the Spirochapta pallida is easily confused with the other spirochetes normally 
occurring there. 

2. By Stained Smears.— The spirochetes may be faintly stained by means 
of Giemsa’s stain or a modified Fontana (tannic acid and silver) method. 
When the infected material is mixed with India ink and a smear made, the 
background is black and the spirochetes stand out unstained. 

3. By Silver Impregnation . — The original T^evaditi method or the various 
modifications such as that of Warthin and Starrey arc used for showing the 
spirochetes in the tissues. The silver impregnation method is not easy, and 
even in the best hands the results arc variable. 

Natural History of the Disease.— In the vast majority of cjises 
infection is acquired during sexual intercourse. The spirochetes may 
be present in recent lesions on the genital organs, or thev' may be 
transmitted in the semen many years after the original infc'ction. 
There may be extragenital infection on the lips (kissing), mouth, 
tongue, fingers, or nipple (nursing an infected child). The spirochetes 
may penetrate an unbroken mucous membrane, but it is unlikely that 
they can enter the skin unless there is .some crack or abrasion. 

Syphilis is a general systemic infection in the course of which certain 
local lesions an* prcKluced which are sufficiently striking to attract 
clinical attention. liOng before the first lesion (chancre) appears the 
spirochetes have infected the entire body. When an infected needle 
is passed through a rabbit's testicle and the testicle removed in forty- 
eight hours, in a week's time the blood is so heavily infected with 
spin)chetes that 0.5 cc w ill transmit the disease. 

Wlien the spirochetes penetrate the surface they invade the peri- 
vascular lymph spaces, multiply exceedingly, aiul pour into the 
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regional lymphatics and the blood stream. It is evident that no 
treatment of the local lesion, which only develops after general infec- 
tion has occurred, can have any effect on that infection. The disease 
is divided clinically into three stages. These stages indicate that 
different sets of tissues are developing a hypersensitiveness which 
causes them to react to the irritant sufficiently violently to produce 
the symptoms of disease. The organs vary in the time they take to 
develop this hypersensitiveness, some are early, others late. The 
stages are separated by curious latent intervals. These stages and 
intervals have nothing to do with the spread of the infection, for 
that has already taken place. 

Brown and Pearce have shown in the rabbit that the duration of a 
lesion is inversely proportional to the intensity and extent of the local 
reaction. The latter determine the clinical manifestations of the 
disease. '^I'he same is true for the disease as a whole. If the early 
manifestations are severe the later ones are likely to be slight. On 
the other hand an initial lesion so mild as to pass unnoticed may be 
followed years later by a disastrous involvement of the nervous s} stem. 
This “law of inverse proportions” is as true for the human patient as 
for the experimental animal. 



Fiii. t)7. — Syphilitic reaction. Lymphocytes and plasma cells collected around two small 
vessels with swollen endothelium. X 500. 

The spirochetes in the periv ascular lymph spaces excite the syphilitic 
reaction. This consists of an accumulation of mononuclear cells, 
chiefiv’ lymph oc;v'tes and plasma cells. (Fig. ()7.) The latter is the 
characteristic cell of syphilis; in tuberculosis it is not at all prominent, 
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but in non-specific inflammations it is sometimes present in large 
numbers. The new tissue is highly vascular in comparison with the 
avascular lesion of tuberculosis. Swelling of the endothelium lining the 
capillaries may cause narrowing of the lumen or obstruction. Fibro- 
blasts are stimulated to proliferate, and when healing sets in there may 
be marked fibrosis. In late lesions (tertiary stage) necrosis is frequent 
(gumma formation) and is associated with the presence of giant cells, 
but these are far less numerous than in tuberculosis. 

It will be seen that there is nothing pathognomonic about the 
histological changes in syphilis. The most characteristic feature is 
perivascular collections of lymphocytes and plasma cells, with, in the 
later stages, formation of gummata. At the same time the site of the 
lesion (as a rule quite different from that of tuberculosis) and a knowl- 
edge of all the facts of the case will usually enable the pathologist to 
arrive at a correct diagnosis. In doubtful cases the tissue may be 
stained for spirochetes. 

As the result of the inflammatory reaction the spirochetes die out 
locally and healing occurs with replacement of the inflammatory 
cells by fibrous tissue. But unfortunately clinical healing does not 
correspond with cure, and some of the spirochetes may survive. In 
the course of time the tissue immunity wears off, and then the spiro- 
chetes re\ ive, multiply again, and cause a relapse. This sequence of 
events may take place in any part of the body, although it is least 
likely to occur in the primary lesion where the local reaction has been 
most violent. The testicles may appear normal clinically, but viru- 
lent spirochetes may be discharged in the semen years after the Wksser- 
mann reaction has become negative and all gross signs of the disease 
have disappeared. It is evident that clinical healing is not synonymous 
with the cure of the disease. 

Warthin has shown that, particularly in the parenchymatous organs 
and the vascular system, there may be no sharp reaction, but merely 
a low-grade inflammation accompanied by degeneration and fibrosis. 
There is an adaptation, a partial tolerance of host to organisms or 
organism to host, w'hich is particularly unfortunate because it prevents 
the \'iolent reaction which alone can lead to self-cure. 

Immunity.— Syphilis conveys a marked degree of immunity. Under 
ordinary circumstances a syphilitic patient cannot be infected a 
second time. But this is not invariable. Many cases are on record 
where a patient with active syphilis has been reinfected, particularly 
in the early stages of the disease. A rabbit can develop a second 
chancre up to the end of the second month, but not after the third 
month. The immunity appears to depend on the local reaction. If 
this is interfered with, so is the immunity. The immunity has nothing 
to do with the blood. It is a true tissue immunity. It is commonly 
believed that there can be no immunity without infection, that once 
the spirochetes are destroyed immunity is at once lost. The work of 
Chesney has throwm doubt on this doctrine. He has showm that in 
the experimental animal (rabbit) immunity may persist even though 
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infection has been entirely eliminated. Whether this is true of man it 
is almost impossible to say. It seems doubtful if man, once infected, 
can ever be entirely freed of the Spirochaeta pallida. 



Fia. 68. — Primary syphilitic lesion showing surface epithelium, marked vascularity, 
swelling of vascular endothelium, and dense round-cell infiltration. X 250. 


Sex and particularly pregnancy bears some strange relation to the 
clinical manifestations of the disease. These are nearly always milder 
in women. Moreover, pregnancy and lactation markedly reduce the 
severity of the symptoms. 

The Primary Lesion.— The primary lesion appears at the site of 
inoculation. This is usually on the genitalia, but it may be extragenital 
12 
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(lip, fingers, etc.). The common genital sites are the penis in the male 
and the cervix in the female; the cervdcal chancre -is highly infective 
on account of the moist character of its surroundings and it is easily 
overlooked owing to its hidden natme and freedom from pain and 
discharge. The primary lesion is generally single but may be multiple. 
It usually de^'elops in from three to four weeks after infection, but this 
latent period may be as short as two or as long as six weeks. It first 
takes the form of a hard nodule, but the surface tends to become 
ulcerated and a “hard sore” or chancre is formed from the surface of 
which enormous numbers of spirochetes are discharged. These are 
most readily detected by means of the dark-field method. The chancre 
is the earliest clinical manifestation, but from the pathological stand- 
point the chancre is really a late affair, as we have already seen. The 
induration is due to dense cellular infiltration, but does not appear for 
the first few days. The floor of the ulcer is a dull red, but later it 
becomes glazed and coppery. It is characteristically insensitive. In 
the course of a few weeks healing occurs. Whether or not a scar is left 
depends on the amount of tissue destruction. 

The microscopic appearance 
is that of all syphilitic lesions 
but lacking in “late” features; 
there is a dense accumulation 
of lymphocytes and plasma 
cells especially around the small 
vessels, and fibroblasts multi- 
ply and lay down collagen 
fibrils. (Fig. 08.) Destruc- 
tion of tissue is seldom marked, 
but the surface epithelium is 
usually lost. If the section 
is stained by the Levaditi 
method an incredible number 
of spirochetes are brought to 
view. (Fig. 09.) 

Primary Lymph Node En- 
largement. — The regional 
lymph nodes (inguinal, sub- 
mental, etc.) are enlarged in the primary stage. These nodes are 
hard and shotty, but not painful or tender. They thus resemble 
the chancre in all respects. Microscopically the nodes usually merely 
show a diffuse hyperplasia. Puncture of the nodes will show spiro- 
chetes in the dark-field, and sections stained by the Ixivaditi method 
contain great numbers of spinjchetes. 

The Secondary Lesions.— After the appearance of the primary lesion 
there is a latent period during which apparently all is well. This affords 
an excellent illustration of the difference between infection and clinical 
disease. Every tissue is infected and yet there are no signs of this. At 
the end of from two to three months after infection the tissues of ecto- 
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dermal origin develop the power to react and lesions appear in the skin, 
mucous membranes, and central nervous system. These persist for a 
period of months and then disappear. There is no destruction of tissue 
(necrosis) at this stage, so that no scars are left, but there may be some 
coppery pigmentation. After the disappearance of a secondary lesion 
there may be a recurrence at the same place. This is due to the local 
immunity being exhausted, so that a few surviving spirochetes start to 
multiply afresh and the whole process is repeated. In this way con- 
stant reinfections occur so that the disease never dies out. 

Lymph Nodes.— Secondary lymphadenitis is one of the earliest 
changes. The nodes all over the body are enlarged in distinction to the 
regional involvement of the primary stage. The enlargement is never 
great, but it may persist for months or years. Swelling of the epi- 
trochlear and posterior cervical nodes is specially characteristic. 
Microscopically . there is usually only diffuse hyperplasia, but the 
nodes may show tubercles composed of epithelioid cells and giant 
cells exactly like those of tuberculosis; these may be regarded as miliary 
gummata, but necrosis which is so characteristic of the gumma is not 
seen at this stage. 

Skin. - The lesions of the skin arc of great variety, but they are 
symmetrical in distribution (tertiary lesions are asymmetrical), they 
are polymorphous in type, i. e., present several varieties of lesion at 
the same time, they possess a copper tinge, and their outline is that 
of the segment of a circle. Like other secondar\^ lesions they do not 
destroy tissue. If the cellular accumulation is slight and vascular 
dilatation marked the lesions are macular like the rash of measles. If 
the cells arc more abundant the lesions become papular. Infection 
may make these pustular. A more advanced stage with necrotic 
patches and crust formation is called rupia. A condyloma is a large 
flat papule occurring in moist situations, i. e., between the vulva, around 
the anus, etc. These are swarming with spirochetes and are highly 
infectious. A scaly condition of the palms of the hands and the soles 
of the feet is a late manifestation. 

'^Phe appendages of the skin may also suffer. The hair comes out, and 
the nails become brittle and fissured, a condition of syphilitic onychia. 

Mucous Membranes.— 'Sore throat is one of the commonest symptoms. 
There may be mucous patches of the mouth, pharynx, and vagina. 
These are flat superficial lesions w hich have been appropriately likened 
to the track left by a snail. They swarm wdth spirochetes and are 
highly infectious. 

Central Nervous Ssrstem.— There may be neuralgic symptoms and 
paralysis of the eye muscles, but, although the nervous system is 
infected at a very early date, serious symptoms seldom appear before 
the tertiary stage. The cerebrospinal fluid shows increase of lympho- 
(jytes and of globulin, but spirochetes can be demonstrated by animal 
inoculation before there are any changes in the fluid. 

Eye.— Iritis is common. 
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Bones and Joints.— Periostitis causes a painful and tender swelling 
more particularly of the tibia, clavicle, sternum, and cranium. The 
pain is nocturnal, being aggravated by the increased vascularity caused 
by the warmth of the bed clothes. One or more joints may show a 
mild inflammation. 

The Tertiary Lesions.— The subsidence of the secondary lesions is 
followed by another latent interval during which all is quiet. In a 
year or not for many years a third set of lesions appear. These are 
not symmetrical, they affect deep as well as superficial structures, and 
they show a tendency to necrosis and destruction. They are only 
slightly infective, for they contain only a few spiroehetes. These are 
not easy to demonstrate in silver preparations. 

l\vo main types of tertiary lesion may occur. The one is gross and 
localized (the gumma), the other is microscopic and diffuse. The 
gumma is readily recognized, but is much less common than the diffuse 
syphilitic inflammation. 

The Gumma. — This is a necrotic localized syphilitic lesion composed of 
the usual mononuclear inflammatory cells. The vessels show periarteri- 
tis and endarteritis. In the center of the lesion necrosis and casea- 
tion occur with the formation of a peculiar gummy material. At the 
margin of the caseous center giant cells may be seen, but these are not 
so numerous as in tuberculosis. There is not the same complete loss 
of structure as in tuberculous caseation. Fibroblasts proliferate and 
may form a fibrous wall around the lesion. A tuberculous lesion usu- 
ally shows tubercles in the surrounding tissue, but the syphilitic gumma 
is solitarj' and unattended. The characteristic degeneration is usually 
attributed to the action of the spirochetes and the vascular changes, 
but vascular changes are present in the primary and secondary lesions, 
and spirochetes are infinitely more numerous. It seems more likely 
that the change is in the nature of an allergic phenomenon due to an 
alteration in the reactivity of the tissues. In the gross a gumma is a 
yellowish homogenous mass of rubbery consistence which may be as 
small as a pea or as large as an orange. Ulceration of the overlying 
tissue (skin, mucous membrane) is common. 

In the skin a gumma forms a hard painless lump in the subcutaneous 
tissue. The overlying skin may be ulcerated. The tertiary syphilitic 
ulcer is punched-out, Avith wash-leather base and serpiginous outline 
owing to healing at one place with breaking-down at another. The 
resulting scar is often pigmented. Scars around the knee and in the 
upper third of the leg should suggest syphilis. 

In the mouth tertiary lesions are common. The 'pharynx may be 
ulcerated. Perforation of the soft palate suggests syphilis. The tongue 
shows either ulcers or a diffuse thickening which will be described 
in connection with that organ. Syphilis of the tongue is a precancerous 
lesion when the surface is involv^. The larynx may be ulcerated and 
the vocal cords destroyed, causing a characteristic hoarseness of the 
voice. Gummatous destruction of the nose may produce an equally 
characteristic saddle-shapecl depression of the bridge. 
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Gummata are not common nowadays in the viscera. The liver 
may show one or many masses (Fig. 70), which heal with fibrosis so 
that deep scars are formed. These produce a peculiar lobed appear- 
ance known as hepar hbatum. In the testicle the gumma forms a hard 
mass with characteristic loss of testicular sensation on palpation. It 
may break down and ulcerate through the skin. There may be gum^ 
mala in the bones, chiefly the tibia and cranium. In the brain a gumma 
usually grows from the meninges 
and presses on the brain; it is 
likely to be mistaken for a tumor. 

Diffuse Lesions. — The spiro- 
chetes are widely distributed, and 
may set up a diffuse chronic in- 
flammatory reaction in the peri- 
vascular lymph spaces. There are 
the usual accumulations of 
1^'mphocytes and plasma cells, 
often around the small vessels. 

There is no caseation, but as a 
result of the long-continued irrita^ 
tion there is a gradual degeneration 
of the parenchymatous structures 
and their replacement by fibrous 
tissue. Syphilis of the aorta and 
of the vascular sy stem generally 
is of this diffuse type. In the 
testicle and other internal organs 
the diffuse lesion is much com- 
moner than the gumma. The most serious of all the lesions are those 
of the central nervous system which may come on many years after the 
initial infection. These may affect chiefly the meninges (sy philitic 
meningitis), the brain (general paresis of the insane), and the spinal 
cord (tabes dorsalis). 

Congenital Syphilis.— Syphilis may be transmitted from the father 
or the mother, but in all cases the mother is infected, although often she 
shows no evidence of the disease. The beneficial effect which preg- 
nancy has on the disease has already been mentioned. There are 
three possibilities. (1) The child may be born dead, usually showing 
well-marked evidence of syphilis. Syphilis is an important cause of 
still-birth. (2) The child may be born alive with external evidence of 
syphilis. (3) The child may appear healthy, but lesions develop later. 

When the child is born dead the appearance is usually characteristic. 
There is no primary lesion, as infection takes place through the pla- 
centa. The child is usually premature and undersized. The skin may 
be inaceratetl. If not, it usually shows bulloe. The spleen is enlarged, 
and often the liver. Syphilitic epiphysitis is one of the commonest 
and most diagnostic features. It is best seen at the knee by splitting 
open the lower end of the femur or upper end of the tibia. In place 
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of the normal thin, regular, white epiphyseal line there is a broad 
irregular somewhat yellow line which is highly characteristic. 

The chief microscopic change at this stage is an interstitial round- 
cell infiltration of many of the internal organs combined with a vary- 
ing degree of fibrosis. In the liver this produces a fine form of inter- 
cellular cirrhosis. Levaditi preparations of the liver, heart, adrenals, 
etc., show enormous numbers of spirochetes. It is evident how in- 
fectious such a body must be, and great care is necessary in performing 
an autopsy. 

If the child is born alive the skin may show the varied lesions 
already described in the acquired form. Common sites for the lesions 
are the buttocks, anus, angles of the mouth, and the palms of the 
hands and soles of the feet. Radiating scars arc formed at the angles 
of the mouth which are very characteristic. The skin is often wrinkled , 
so that the child has a dried-up, wizened appearance. Enlargement 
of the spleen is very constant. The liver and other organs show the 
changes already described. The mucous membranes show the same 
lesions as in the acquired form. In the nose there is ulceration and 
destruction, so that the bridge of the nose may fall in giving the charac- 
teristic “saddle nose” of congenital syphilis. One of the most useful 
aids to diagnosis is roentgenograph ic evidence of epiphysitis and perios- 
titis in the long bones. 

In the late type lesions develop over a period of years which stamp 
the patient as being a congenital syphilitic. The perinanent teeth 
show the appearance known as “Hutchinson’s teeth;” these are small, 
widely-spaced, peg-shaped (narrow at the apex), and the central inci- 
sors are notched. The molars are pitted and honey-combed. An 
interstitial keratitis develops at the time of puberty producing a 
ground-glass opacity in the cornea. Nerve deafness is common. The 
scars at the angles of the mouth known as rhagades have already been 
mentioned. Gummata develop in the bones, or a diftuse thickening 
affecting especially the tibia (“saber tibia”). There may be involve- 
ment of the central nervous system similar to that seen in the acquired 
form (juvenile paresis and juvenile tabes). 

Bejel. -This remarkable condition apf>ears to be a non-venereal form of 
sjmbilia which is prevalent amongst the Bedouin Arabs. About 7o per cent of 
the Bedouins show evidence of infection, although there is no gonorrhea 
amongst them, and sexual promiscuity is unknown. It is a disease of the whole 
community, like measles, and is actpiired in childhood, the infection being 
contracted from some other child in the acute stage, probably by means of 
drinking vessels. The earliest lesions arc gray patclies about the mouth, 
followed by a papular eruption on moist areas. In about a year, the lesions 
vanish, and the child appears healthy. They may never recur, but frecjuently 
gummata of bones, skin and pharynx appear many years later. The cardio- 
vascular and nervous systems are not attacked. The Wassermann and Kahn 
reactions are positive. 

Lymphogranuloma Venereum. - This venereal disease is commonly known 
as lymphogranuloma inguinale, but as that name is continually confused with 
granuloma inguinale, lymphop^ranuloma venereum is to be preferred. Climatic 
bubo is another name by which the condition is known. The best and least 
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confusing term is lymphopathia venereum, first suggested by Wise and Sulz- 
berger in 1932, and distinguishing the condition sharply from granuloma 
inguinale. It is a contagious venereal disease caused by a filterable virus, 
which can be transferred to the monkey, rabbit and guinea-pig. The infection 
may, however, be non-venereal in children, doctors, nurses, and research work- 
ers. The virus is present in the primary lesion, regional lymph nodes, urethral 
and vaginal discharges, pelvic abscesses, blood stream, and spinal fluid. It has 
been demonstrated forty years after the original infection. The initial lesion 
is on the glans or vulva; it is small and indurated, heals quickly, and may 
never be noticed. Several weeks later the inguinal nodes become enlarged, 
indurated, matted together and painful, the overlying skin assumes a bluish^ 
red color, fluctuation develops, and a purulent fluid is discharged, leaving a 
chronic ulcer of the skin with sinuses; these lesions may be extremely slow in 
healing. The microscopic picture is that of a chronic granuloma, not in any 
way specific, consisting largely of epithelioid cells with necrosis, and thus 
resembling tuberculosis, but caseation never occurs. When sterilized purulent 
fluid from one of the nodes is injected intracutancously in a person suffering 
from the disease, it produces a marked allergic skin reaction. This is known as 
the intradernial test of Frei and Hoffmann, and the skin allergy on which it 
depends persists throughout life. When the virus is injected into the brain of 
monkeys or mice a menin go-encephalitis is produced, and brain emulsion 
makes a stable antigen for the Frei reaction which is preferable to using material 
from an infected person. Marked increase in the plasma protein is common. 
The disease is commoner in the negro but it often occurs in the white. Cole 
saw 52 cases in one year in Cleveland. Rectal stricture is a common com- 
plication, and in the past has been incorrectly attributed to syphilis. Most 
authors agree that rectal lesions are much commoner in women, but Mathewvson 
reports 74 cases in San Francisco, of whom 60 were men and only 14 women. 
The site of the primary lesion and not the sex determines the incidence of 
secondary lesions hi the inguinal nodes or the rectal nodes. Owing to lymph 
drainage, infection of the glans and prepuce in the male and the clitoris and 
vulva of the female lead to inguinal lesions, whereas infection of the posterior 
urethra in the male and the vagina in the female are responsible for inflam- 
matory lesions and subsequent stricture of the rectum. On these grounds 
rectal lesions might be expected to be more frequent in the female. The 
Frei-Hoffmann test is particularly useful in these cases of rectal stricture in the 
female with no external evidence of the disease. Lymphogranuloma venereum 
must not be confused with granuloma inguinale (see below). In the former the 
essential lesions are in the lymph nodes with secondary involvement of the 
skin, while the latter is primarily a disease of the skin. The presence of the 
Frei-Hoffmann test and the absence of Donovan bodies serve to chr.racterizo 
lymphogranuloma venereum. 

GRANULOMA INGUINALE 

This is a chronic infective granulomatous condition practically confined to 
the negro and of common occurrence in the tropics and the southern part of 
the United States. It occurs in the anal and genital regions, commonly com- 
mencing on the penis and labia. The microscopic features are granulation 
tissue with a massive cellular infiltration, mainly plasma cells and remarkably 
few lymphocytes, together w'ith a peculiar cell which Fund and Greenblatt 
have shown to be specific for this condition. The pathognomonic cell is a 
large mononuclear cell from 25 to 90 microns in diameter, presenting many 
sharply defined intracytoplasmic spaces wdiich contain small deeply-staining 
round or rod-like bodies. The mode of transmission is not certain. Puncture 
of the granulomatous lesions shows the presence of numerous intracellular 
rod-like bodies in the mononuclear cells. These were first described by 
Donovan, and arc best called Donovan bodies (to be distinguished from 
Leishman-Donovan bodies of kala-azar). The organism can now be cultivated 
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on the yolk-sac of the developing chick embryo, and it has been named Don- 
ovania granulomatis. Occasionally the lesions are found in other parts of the 
body— face, mouth, back. It runs a chronic course, but responds in a remark- 
able manner to intravenous treatment with tartar emetic. 

THE MYCOSES 

The mycoses are diseases produced by the higher fungi. The 
lesions are granulomatous in nature, and may therefore be ranked with 
those of tuberculosis, syphilis, and leprosy, but suppuration is common. 

Actinomycosis.— This is the commonest of the mycoses in man, but 
the disease is much commoner in domestic animals (horses, cattle, 
pigs). It is caused by Actinomyces bo vis or ray fungus, so-called 
because of the radiate arrangement of threads at the edge of the colon- 
ies. The fungus is a streptothrix which forms little yellow clumps in 
the tissue known as “sulphur granules. “ These clumps are composed 
of a felted mass of filaments with spores and club-shaped bodies at 
the periphery. The filaments are Grain-positive and the clubs Gram- 
negative. There are several types of actinoinyces, some aerobic, others 
anaerobic. The great majority of human and animal infections are due 
to anaerobes. 

The method of infection is still uncertain. There is no evidence 
that it is conveyed directly from animals to man, but it is much com- 
moner ill farmers and other country-dwellers. Ears of grain have 
been found embedded in the mouth lesions, and the usual view is that 
infection is carried by grain which has been chewed, but the Actino- 
myces bovis has never been found in grains or grasses in a state of 
Nature. The fungus probably becomes an inhabitant of the mouth 
or intestine in country-dwellers, and enters the tissues through some 
break in the surface, the root of a carious tooth, etc. Secondary in- 
vasion by pyogenic organisms is common, and the resulting suppura- 
tion may reduce the (jxygen tension in the tissues and favor even more 
the growth of anaerobic actinomyces. When once penetration of the 
surface has occurred the wound heals promptly, and the pathological 
process works away from the mouth, intestine or rectum as the case 
may be. 

A much rarer form of actinomycosis is that caused by Nocardia 
asteroides, which is aerobic in contrast to the anaerobic Actinomycosis 
bovis. The lesions are far more widespread, involving a large number 
of organs as well as lymph nodes. 

Spread.— The spread is different from that of tuberculosis and 
syphilis, for the lymph vessels and nodes are not involved, a valuable 
point in diagnosis. The infection starts in the subcutaneous or sub- 
mucous tissue and spreads by direct continuity. The lesion may rup- 
ture into a bloodvessel, and there may be blood spread to the liver, 
brain, and heart, but this is not common. 

Lesions.— The lesions occur in four chief sites: (1) head and neck 
(60 per cent), (2) ileocecal region and appendix (20 per cent), (3) 
lungs (15 per cent), and (4) the skin (5 per cent). A firm mass develops, 
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usually under the lower jaw, followed by a brawny induration of the 
neck. After a time the mass breaks down and becomes riddled with 
abscesses and sinuses. These multiple sinuses perforating the skin 
are characteristic of actinomycosis. There is progressive destruction 
of connective tissue, muscle, and bone. The pus contains the tiny 
yellow sulphur granules from which the diagnosis can most readily 
be made. (Fig. 71.) These should be looked for whenever the abscess 
is opened, as they may disappear later. In the abdominal form a firm 
mass is formed in the cecum or appendix, which is very apt to be 
mistaken for carcinoma. Suppuration occurs and sinuses are formed 
in the abdominal wall. I have seen perianal lesions, probably from 
infection through the skin. In the lungs 
multiple abscesses are formed; these are 
surrounded by fibrous tissue, and the 
condition is easily mistaken for tuber- 
culosis. 

Microscopic Appearance , — The micro- 
scopic; appearance is that of a granuloma 
with the addition of suppuration. (Fig, 

73.) There are chronic inflammatory 


Fig. 72. - Colony of fungus 
in actinomycosis. Many my- 
celial threads can be seen in 
addition to the dense felt- 
work at the periphery. X 276 

cells, fibroblasts, and giant cells. If suppuration is marked the picture 
approaches that of acute inflammation. It is uncommon to find 
colonies of the fungus (Fig. 72) ; these are much more easily demon- 
strated in the discharge. It is evident that the histological appearance 
is not at all characteristic, and that not much need be expected from 
biopsy examination. 

Actinobacillosis. — This is an epidemic disease in cattle, very rarely affecting 
man. It closely resembles actinomycosis, but with the important difference 
that the lymi)h nodes are constantly involved. The pus is very viscous, and 
contains greyish-white granules. The center of the granules consists of a mass 
of minute Gram-negative bacilli, known as the actinobacillus, surrounded by 
radially disposed clubs. Thus the center of the granule is Gram-negative, 
whereas in actinomycosis it is Gram-positive. 
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Blastomycosis.— This is a chronic granuloma caused by a yeast-like 
fungus known as blastomyces. The organisms are spherical^ two or 
three times the diameter of a red blood corpuscle, and show two char- 
acteristic features: (1) a clear double contour, and (2) budding-like 
yeast cells. They are demonstrated in the discharge from the lesions 
by adding a few drops of sodium hydroxide to the pus and examining 
unstained. The method of infection is unknown, but presumably it 
is tlu'ough the skin by contagion. The disease occurs in two forms, 
cutaneous and sy stemic. 



Fig. 73, — Actinomycosis showinjs suppuration immediately around central mass of ray 
funRUH, and granulomatous lesion farther out. X 200. 

Cidaneovs f on//.— The cutaneous form is known as blastomycetic 
dermatitis. The lesions are commonest on the face, the back of the 
hand, and the front of the leg. At first they are papules, but they 
undergo suppuration and ulcerate. The disease spreads over the sur- 
face, so that a large area may be involved. The microscopic picture 
is similar to that of actinomycosis, i. c., a granuloma (lymphocytes, 
mononuclears, giant cells) with suppuration added. At the edge of the 
ulcer there may be very marked epithelial hyperplasia which may 
closely simulate the appearance of epidermoid carcinoma. The spheri- 
cal fungi are seen in sections of the tissue or in smears of the discharge. 

Systemic Form,— The systemic form is much less common. The 
lungs are most often involved, but any organ may be affected. In- 
fection is spread by the bk>od stream. The pulmonary lesions are 
nodules in abscesses and are very liable to be mistaken for tuberculosis. 
The fungi are very numerous in the tissues in the systemic form. This 
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form is nearly always fatal, but the cutaneous form is seldom fatal and 
may last for many years. The various lesions are well illustrated in 
Baker’s paper. 


Sporotrichosis. — This is a chronic infection caused by the fungus Sporo- 
trichium. In many respects it closely resembles blastomycosis, but the fungus 
is demonstrated by culture, not in smears. Like blastomycosis it is usually 
confined to the skin, but occasionally the internal organs are involved. The 
skin lesions are, as a rule, on the hand 
or forearm. They take the form of no- B? 

dules which later break down and sup- w 

purate. The infection advances along the 

lymphatics, so that a line of nodules is H|| 

formed along the arm, an appearance 

always suggestive of sporotrichosis. The 

microscopic picture is the same as in ^ ^ ^ 

actinomycosis and blastomycosis, i. e., a B 
granuloma with suppuration. The dis- 
ease is very chronic but is rarely fatal. 

Coccidioidomycosis. This uncommon f 
disease was originally thought to be d'W 

confined to the San Joaquin valley, Cali- ^ 4^ 
fornia, so that it came to be known as the ■ 

‘^California disease.^’ It is now knowm WflL ; 
to be distributed all over the United 
States. It is an infective granuloma F 
closely resembling tuberculosis, but caused L ^ 
by Coccidioidcs immitis, a yeast-like 
fungus. This is a spherical body with a K 
double-contoured highly ref ractile capsule, r: ^ 

It resembles the blastomyces, but can be 

differentiated by the fact that it multiplies ’vV' ^ 

by the formation of cndospores, the a ^ wi 

))iastomyccs by budding. The coccidioidcs ||^ ^ • ijP i£*-' ^ 

are much larger an^ may measure 50 P?’*- ‘ yJS# ^ , £ 

microns. (Fig. 74.) Clinically the disease “ ‘ * 

is easily mistaken for tuberculosis, syph- Fig. 74.-Coccidioides m tissues, 
ills and blastomycosis, and many cases 

of supposed tuberculosis are probably examples of this disease. Infection is 
due to the inhalation of dust containing the fungus. There is no passage of 
the infection from man to man. The morbidity is high, but the mortality 
relatively low. The infection has also been found in cattle. The disease can 
be reproduced in the guinea-pig, the characteristic lesion being a sr.ppurative 
orchitis. 
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Fig. 74. — Coccidioidcs in tissues. 


The lesions are usually in the lungs, bones and skin, but any organ may be 
involved. They are in the form of granulomatous masses and abscesses. They 
cannot be distinguished from those of tuberculosis with the naked eye, but it 
may be said that in the lungs theri^ is less cavitation than is usual with tuber- 
culosis and in the bones the lesions are more extensive. The microscopic 
appearance also resembles that of tuberculosis; tubercle formation, epithelioid 
cells and giant cells are common. (Fig. 75.) The pathognomonic feature is 
the presence of the double-contoured highly ref ractile coccidioidcs filled with 
spores. These are also found in pus from the lesions. The diagnosis is con- 
firmed by inoculation of a male guinea-pig, with the development of a sup- 
purative orchitis. 

The work of Dickson has shed new light on the disease. He has shown that 
the condition begins as a mild infection of the respiratory tract often accom- 
panied by erythema nodosum. The great majority recover promptly in the 
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course of a few weeks, but in a few cases the mild attack is followed by the 
chronic granulomatous disease known as coccidioidal granuloma. Dickson 
suggests the tenii coccidioidomycosis to cover both forms. . 



Fig. 75.— Coccidioidal granuloma. Tuberolo-likc lesion, the right hand giant cell 
containing coccidinides. X 200. 



Fig. 76. — Mikulicz cell in 
rhinoscleroma. X 1000. 


Rhinoscleroma. - This is a disease of eastern 
Europe, and is seldom seen elsewhere except in 
emigrants from that part of the world. Although 
not a fungous disease, it is an infective granu- 
loma. There is a hard swelling of the nose (rhirij 
nose; sclera, hard) which may spread to the 
pharynx and larynx. The microscopic diagnosis 
is made from the presence of peculiar large, round, 
clear cells filled with a gelatinous material 
which may give the cytoplasm a foamy or retic- 
ulated appearance, and displace the nucleus to 
one side. These are known as Mikulicz cells. 
(Fig. 76.) They are often filled with bacilli resem- 
bling Fricdlander’s pnoumobacillus. This bacil- 
lus is called Bacillus rhinoscleromatis, but it is 
not certain that the disease is caused by this 
organ i.sru. 

Rhinosporidiosis. — This is a local inflamma- 
tory condition of the anterior nares, fairly 
common in India but extremely rare elsewhere, 
the only cases reported coming from the Argen- 
tine and the United States. It is rare in the 
female. The lesion takes the form of a polypoid 
growth in the nose composed of granulation tissue 
and presenting an extraordinary and characteristic 
microscopic picture, for the tissue is crowded 
with the huge parasitic cysts, each a single or- 
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gamsm, which constitute the etiological agent. This is a fungus known as 
Rhinosporidium seeberi (first described by Seeber), which commences its 
life cycle as a parasite measuring 8 microns, but grows by nuclear division 
until it reaches a size of 200 to 300 microns and contains over 4000 nuclei 
which form 16,000 spores. The mature parasite, now called a sporangium, 
presents a double-contoured chitinous envelope with a germinal pore, through 
which the spores are discharged. The mode of infection and transmission is 
unknown. 

Glanders. — Glanders is one of the infective granulomata, and in its chronic 
form may readily be mistaken for tuberculosis, syphilis, or actinomycosis. It 
is one of the diseases transmitted from animals to man. As it affects horses,' 
the human disease is seen in grooms, veterinary surgeons, etc. 

The disease is caused by Bacillus mallei, a slender Gram-negative rod 
resembling the tubercle bacillus. The Strauss reaction is used for diagnosis. 
The suspected material is injected in the peritoneal cavity of a male guinea- 
pig, and within twenty-four hours an acute inflammation develops in the 
tunica vaginalis. The fluid from the tunica is implanted on potato, and a 
yellow honey-like culture is obtained. 

Infection occurs from the nasal discharge of a diseased horse, and enters 
the body through a crack in the skin or the mucous membrane of the nose. 
After an incubation period varying from a few days to two or three w'eeks the 
primary lesion appears. At first this is a papule, later becoming a pustule. 
The lesions are spreading and destructive, with the formation of large irregular 
ulcers. The infection spreads along the lymphatics causing nodular sw^ellings, 
which in the horse are known as farcy buds. The lymph nodes are sw'ollen, 
and there is destruction of connective tissue and muscle. The microscopic 
appearance is that of an infective granuloma but without caseation. Giant 
cells are rare. Unless the bacilli can be demonstrated, a correct diagnosis may 
bo extremely difficult. The infection may last for months or years; in the 
end it usually proves fatal. 

An acute form occurs both in man and the horse. It is a septicemic condition, 
with the formation of pyemic abscesses in the lungs, liver, kidneys, etc. This 
condition is always fatal. 

ANTHRAX 

Anthrax is also one of the diseases transmitted from animals to man. 
It is very prevalent in European animals, especially cattle and sheep, 
but is much less common in North America so that human infection is 
comparatively rare in this country. Infection is nearly always conveyed 
through the skin, rarely by inhaling infected material (wood-sorter’s 
disease) or by swallowing it. The latter is the common method by 
which animals are infected, so that in them the lesions are usually 
intestinal. In man the lesions are nearly always in the skin; pulmo- 
nary and intestinal lesions are very rare. Infection is conveyed from 
the wool and hides of diseased animals, so that butchers, tanners, 
wool-sorters, etc., arc the chief sufferers. The bristles of a new shaving 
brush may carry the infection. It is said that biting flies may convey 
infection from animals to man, but this seems open to doubt. 

The anthrax bacillus is a large, square-ended. Gram-positive bacillus, 
the most important characteristic of which is the power of forming 
very resistant spores outside the body. For this reason infected wool, 
hides, shaving brushes, etc., may remain a source of danger for years. 
As the spores arc not formed inside the body it is of the greatest impor- 
tance when disposing of the body of an animal which has died of the 
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disease that no blood should be shed, otherwise the spores will remain 
in the ground for years and serve to infect other animals. 

The skin lesion is the malignant pustule. It commences as a pimple 
on an exposed part of the skin (face, hands). This soon develops into 
a vesicle (not a pustule) containing clear serous or blood-stained fluid 
swarming with anthrax bacilli. The diagnosis is readily made by 
staining a smear of this fluid. When the vesicle bursts a black eschar 
is formed, around which a fresh row of vesicles develops; further out 
there is a brawny induration. The microscopic picture is one of acute 
inflainination. The rare pulmonary and intestinal lesions are similar 
in nature, i. e., they show an acute hemorrhagic inflammation. 

At any stage the bacilli may enter the blood stream causing an 
anthrax septicemia with infection of all the organs. This is constantly 
seen in highly susceptible animals such as the mouse and guinea-pig. 
The mortality from the skin lesions is not great, especially when the 
specific antiserum is used, but anthrax septicemia is invariably fatal. 
The postmortem findings are those of a hemorrhagic septicemia, with 
enlargement of the spleen, etc. From what has already been said, it 
will be obvious that extreme care must be taken at the autopsy to 
prevent the formation of spores. 

ANAEROBIC GAS-FORMINQ INFECTIONS 

Infection of a wound by a member of the group of anaerobic gas- 
forming bacilli results in gas gangrene. There are three members of 

this group: (1) Bacillus welchii or 
Bacillus aerogenes capsulatus ; (2) Vibrion 
septiqiie, probably identical with the 
bacillus of malignant edema ; (3) 

BacJllus oedematiens. These arc all 
saccharolytic, not attacking proteins if 
carbohydrates are available, and they 
grow best in tissues containing an abund- 
ance of carbohydrate, i. e., muscle and 
liver. To these three may be added 
Bacillus sporogenes, which has strong 
proteolytic powers and soon produces 
putrefaction with its characteristic smell. 
It is not pathogenic nor gas-producing, 
but it breaks up the proteins. Bacillus 
welchii is the commonest invader and 
the chief gas producer. As well as pn)- 

Fio.77.-Baciiius welchii, showing ducing gas gangrene it is the cause of 
capsules. X 1000. postmortem gas formation. FIxcept 

when grown in special media it does 
not form spores, but in tissue fluids it has a well-marked capsule. (Fig. 
77.) The other organisms readily form spores. 

These bacteria are putrefactive. They are unable to gain a footing 
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in living tissue until it has been devitalized. They are ordinarily 
saprophytes. Thus B. welchii was found in 80 per cent of wounds in 
the first World War, yet less than 10 per cent of these developed gas 
gangrene. Trauma and other organisms fail to activate it, but soil and 
dead muscle act as a spark which lights the lire. As the organisms feed 
on muscle sugar, it follows that early excision of dead muscle is the best 
prophylactic. Gas gangrene is a disease of muscle, which is at first a 
dull red and then becomes green or black. Bubbles of foul-smelling 
gas and blood-stained fluid can be pressed up and down the lengths 
of the muscle. The bacilli spread up and down the muscle in the inter- 
stitial tissue, and the muscle fibers are separated from their sheaths 
by toxic fluid, as a result of which they arc killed and are then invaded 
by the putrefactive bacteria. (Fig. 78.) 



Fio. 78. — Gas RaoKrene. A muscle fiber separated from its sheath and from its blood 
supply by Ras and fluid. X 250. 

The toxin of Bacillus welchii contains a powerful hemolysin and a 
substance producing necrosis of muscle, a myotoxin. Injection of 
animals with the hemolysin produces a blood picture similar to that 
of pernicious anemia. It has been thought that some of the symptoms 
of acute intestinal obstruction are due to absorption of Bacillus welchii 
toxin from the bowel, as it is a normal inhabitant of the bowel, and on 
this basis an antitoxic serum has been giA en in intestinal obstruction 
and in paralytic ileus due to acute peritonitis. 

TETANUS 

Tetanus is a disease caused b\' Avound infection with an anaerobic 
bacillus. Bacillus tetani, but it differs entirely from the group of 
anaerobic infections just described, for there are no local symptoms. 
The bacillus develops a terminal spore, which gives it the familiar 
drumstick appearance. The organisms can be seen in the pus from 
infected wounds. The disease is an infection of septic wounds, not 
merely a wound infection. Its growth is favored by the presence of 
aerobic bacteria, so that it is never found in pure culture in a wound. 
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The bacillus is a normal inhabitant of the intestine of the horse and 
other animals, and is therefore found in ground which has been 
manured. Wounds contaminated with garden soil, the dirt of streets, 
etc., are therefore always liable to infection by tetanus. This danger 
was so great during the World War that every wounded man received a 
prophylactic injection of antitetanic serum. 

The incubation period varies greatly, averaging from ten days to a 
fortnight. In the case of face wounds it may be only three or four 
days. If the spores are surrounded by scar tissue they may remain 
quiescent for months. A subsequent operation, as for removal of a 
foreign body, may activate the spores, so that a second injection of 
senmi should be given before such an operation. 

Absorption of the Toxin.— The bacilli remain in the wound and pro- 
duce a toxin which acts on the central nervous system. The tetanus 
toxin is one of the most powerful toxins known. For long it has been 
believed that the toxin was absorbed from the motor nerve endings 
and passed along the axis cylinders to reach the spinal cord. In 19;M 
Abel attacked this view and brought forward experimental evidence 
suggesting that the toxin is absorbed by the lymphatics and dis- 
tributed to the central nerv^ous system by the blood stream, where it 
acts on the motor nerve cells. Abel also suggested that the toxin 
may act directly on striated muscle, thus explaining the phenomenon 
of “local tetanus,” which may develop in the wounded part long before 
the general symptoms manifest themselves. Abel's theory is supported 
by the observ^ation of Barnes and Trueta in 1941, that tetanus toxin 
is not absorbed from an inunobilized limb in an experimental animal, 
for lymph flow from a part ceases when it is immobilized. When the 
toxin reaches the cord and brain-stem it becomes so firmly anchored 
to the motor nerv e cells that it cannot be dislodged. 

The symptoms are the result of an extreme h;vpersensitiveness of 
the motor nerv^ous system produced by the action of the toxin on the 
motor nerve cells. As the result of this the most trivial sensory stimuli 
produce a series of terrible clonic and tonic spasms, and the patient 
dies exhausted by his convulsions or asphyxiated by tonic spasm of 
the respiratory muscles. As the condition is purely toxic and not 
inflammatory, no characteristic lesions are found at autopsy. 

Postoperative tetanus is fortunately rare. It is usually due to catgut 
infected with the spores of tetanus. When the catgut is absorbed in 
the wound the spores are set free and develop into bacilli. Not every 
case is due to the catgut. The dressings, dusting powder, etc., may 
be infected. Finally it must be remembered that the patient may be 
an intestinal carrier of tetanus bacilli which may reach the tissues 
through an operation wound involving the bowel. 

BUBONIC PLAGUE 

The disease is caused by Bacillus jjestis, an extremely virulent 
organism. It gains entrance to the body through the skin, sometimes 
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through the lungs by inhalation of infected droplets of sputum especi- 
ally in the pneumonic form. It penetrates the skin usually by the bite 
of a flea which conveys the infection from the rat to man, but it may 
enter through cuts and abrasions. The disease may occur in endemic 
or epidemic forms. A human epidemic is accompanied or preceded by 
a rat epidemic. When a rat dies the infected fleas leave it and go in 
search of a new victim. The problem of plague control is the problem 
of the deadly triangle of the rat, the flea, and the man. 

Lesion.— The lesions are glandular and general. The inguinal and 
axillary lymph nodes become much enlarged, suppurate, and form 
buboes. This is a regional lymph node infection, the result of inocula- 
tion through the skin. The nodes at first show ordinary inflammatory 
hyperplasia, but abscess formation and hemorrhage follow. The 
bacilli invade the blood stream and are found in enormous numbers 
in the internal organs, where they produce necrosis, abscesses, and toxic 
changes. The patient dies of an overwhelming septicemia before there 
is time for very marked lesions to develop. 

Pneumonic Form,— In bubonic plague some changes are always found 
in the lung such as small patches of consolidation and great engorge- 
ment with large nmnbers of bacilli in the alveoli. Sometimes the 
epidemic takes a pneumonic form, in which infection is spread by tiny 
droplets of sputum. There are no buboes, and the patient is over- 
whelmed by one of the most deadly and rapidly fatal of all infections. 
There is not time for any extensive pneumonic consolidation, so that 
here also the changes are a patchy consolidation with intense conges- 
tion and alveoli crowded with plague bacilli. The rest of the body 
shows evidence of an overwhelming septicemia. 

Hemorrhagic Septicemia.— This is a group of infections rather than a single 
disease, caused by organisms closely related to the plague bacillus (Pasteurella 
group) and affecting many of the lower animals. Members of the hemorrhagic 
septicemia group are chicken cholera (Bacillus avisepticus), swine plague 
(Bacillus suisepticus), and mouse typhus (Bacillus ty phi murium). Some of 
these hemorrhagic septicemia infections may occasionally involve man. It will 
be realized that plague itself is a hemorrhagic septicemia. 

Whooping Cough.— Whooping cough or pertussis is an acute infec- 
tious disease of the respiratory tract, as a result of which there are 
spasmodic attacks of coughing with a prolonged inspiration known as 
a ' ‘whoop.” The disease consists of a catarrhal stage of one or two 
weeks’ duration marked by a hard dry cough (this is the infectious 
period), and a paroxysmal stage of four to eight weeks’ duration marked 
l)y severe paroxysms of coughing and whooping, and by attacks of 
vomiting. Common complications are bronchopneumonia, atelectasis, 
emphysema and convulsions. One attack of the disease confers 
immunity for life. 

The etiological agent appears to be Bacillus pertussis of Bordet and 
Gengou, a minute Gram-negative hemophilic bacillus, which is found 
in great masses entangled in the cilia of the bronchial mucosa. Rich 
and his associates have shown that in chimpanzees the oral inoculation 
13 
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of pure cultures of Bordet-Gengou bacilli resulted in a condition similar 
in all respects to whooping cough, and characterized by coryza fol- 
lowed by a protracted paroxysmal cough, associated with lympho- 
cytosis and a positive complement fixation toward the Bordet-tJengou 
bacillus. On the other hand it must be admitted that whooping cough 
resembles a virus disease in respect to its liigh iiifectivity, the pro- 
longed immunity which follows an attack, and the coinparati\’ely 
disapix)inting results of inoculation with vaccines of the bacilli. Rich 
feels that the possibility of a virus acting in conjunction with the bacilli, 
as is known to be the case in hog cholera, dog distemper, and influenza, 
cannot be dismissed. 

The lesions are tracheitis, bronchitis, and the cliaracteristic inter- 
stitial bronchopneumonia with infiltration of the walls of the bronchi 
and bronchioles by lymphocytes, plasma cells and large mononuclears. 
Masses of Bacillus pertussis cause matting of the cilia, but fail to 
penetrate below the surface. It is possible that they produce a toxin 
which acts on the central nervous system and especially on the nuclei 
of the vagus and recurrent laryngeal nerves, accounting for the parox- 
ysmal coughing and the attacks of vomiting. 

TULAREMIA 

Tularemia is another plague-like disease which affects both animals 
and man and is spread from the former to the latter. In animals it 
has the virulence and septicemic qualities of plague, but in man the 
infection is milder and recovery is the rule. In spite of this greater 
resistance man is extraordinarily susceptible to the infection. Although 
related to plague, the symptoms in man may closely simulate typhoid 
fever, and the lesions may as closely resemble tht)se of tuberculosis. 
The disease is a new one, or rather a newly-recognized one. It was 
first observed as an acute epidemic infection among ground squirrels 
in Tulare County, California, and the Bacterium tularense was dis- 
cen ered to be the cause. Later it was found that the infection could 
be conveyed to man. At first it was thought that tularemia was a 
disease peculiar to the United States. Its problems have been worked 
out by American bacteriologists, and by Francis in particular. It is 
now known that it is world-wide in distribution. It is transmitted to 
men from a rodent, not from another man. The great reservoir of 
the disease is the ground squirrel and the jack-rabbit, but many other 
rodents are now known to harbor the infection. The domestic rabbit 
docs not suffer from the disease. Infection is carried in three ways: 
(1) by biting flies, particularly the deer-fly, Chrysops discalis; (2) by 
ticks; (3) by contact with the skins or internal organs of infected rab- 
bits. It therefore occurs in farmers, hunters, market men, butchers, 
hou.sewives, and cooks. The microorganisms enter through cracks in 
the skin or through the eye. Laboratory workers handling and per- 
forming autopsies on infected animals are extremely liable to infection, 
even though alive to the danger. 



TULAREMIA • 195 

Two types of the disease may be recognized in man, the glandular 
and the typhoid. 

Glandular Type,— This resembles a mild form of bubonic plague, 
except that a local lesion develops at the site of inoculation. After 
an incubation period of a few days there is a sudden onset with pains, 
prostration and fever. The regional lymph nodes draining the site of 
infection become enlarged, inflamed, and tender. If the portal of 
infection is the eye the preauricular, submaxillary, and cervical glands 
are involved. Not until twenty-four hours later does a papule appear 
at the site of infection. Both the primary lesion and the lymph nodes 
undergo necrosis, suppuration, and ulceration. The bacteria have 
not been demonstrated in the tissues, but a bacteremia occurs early, 
and a positive blood culture can be obtained during the first week. 
By the end of the second week agglutinins appear and reach their 
height in the third week. After that they decline, but persist in small 
amounts for several years. Cross-agglutination occurs with Brucella 
melitensis, so that the disease may be confused with undulant fever. 
Recovery is the rule, but convalescence may take some months. 

Typhoid Type. — Were there is no obvious i)rimary lesion and there- 
fore no glandular involvement. The portal of entry is unknown, but it 
is probably the unbroken skin, for the bacilli can penetrate the skin of 
the guinea-pig and set up a septicemia. '^I'lie typhoid type is usually 
due to laboratory infection. 4^hree cases occurred in the I lister Insti- 
tute. London, being infecte<l by a culture sent from Washington. 
'Lhe disease closely resembles typhoid fever, but can be differentiated 
by means of agglutination tests. 

Lesions. — In man the lesions may be of two types, acute and chronic. 
The acute lesions are characterized by focal necrosis and suppuration. 
These changes are seen in the primary lesions and the regional lymph 
nodes, and to a lesser extent in many of the internal organs (spleen, 
liver, lung). The chronic lesions resemble those of tuberculosis for 
which they are easily mistaken. ^Fhey are focal in type with central 
necrosis, epithelioid cells and giant cells. 

Diagnosis. —The disease is apt to be mistaken for typhoid fever 
(when no primary lesion is present), for undulant fever (because of 
cross-agglutination), and for tuberculosis (a mistake made by the 
pathologist on account of the glandular lesions). When the physician 
thinks of tularemia on account of the primary lesion, the regional 
lymph node enlargement, and the history of having dressed a wild 
rabbit or of being bitten by a tick or fly, he can confirm his diagnosis 
in two ways: (1) agglutination of Bacterium tularense by the blood 
serum in the second week, and (2) isolation of Bacterium tularense from 
guinea-pigs inoculated with material taken from the primary lesion 
or enlarged glands or with the patient’s blood. The guinea-pig will 
die in a week and show enlarged caseous lymph nodes and a spleen 
studded with tiny foci of necrosis. Smears and cultures taken from 
the patient are useless. , 
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UNDULANT FEVER 

This disease, like tularemia, is an infection of animals which may 
be conveyed to man. Like tularemia it is in some respects a new 
disease, in other respects it is not. It is caused by the Brucella group 
of microorganisms named after Sir David Bruce, who first isolated 
them many years ago in Maltii fever. The organism is a very small 
cocco-bacillus which has been called both a coccus (Micrococcus nieli- 
tensis) and a bacillus (Bacillus abortus). It has long been known as 
the cause of Malta fever, an infectious disease of goats in the Mediter- 
ranean countries and conveyed to man in goat’s milk. It has also 
been known for some time as Bacillus abortus, the cause of contagious 
abortion in cattle. The infection is extraordinarily common in cattle. 
Thus it has been shown that 90 per cent of the herds in Connecticut 
are infected. It should be noted that though the cow^s have a ten- 
dency to abort, and pass large quantities of the bacilli in the milk, 
they show no evidence of disease. The goats also suffer no incon- 
venience from melitensis infection. It w^as not until 191S that an 
intimate relationship w’as demonstrated by Evans to exist betw’een 
Brucella melitensis of Malta fever and Brucella abortus of contagious 
abortion. The tw^o are closely related but not identical. The most 
important step w’as the last, when in 1924 Keefer show^ed that Brucella 
abortus was infective for man. The various forms are best included 
under the name of undulant fever, of which there is a melitensis type 
and an abortus type. The abortus infection may come from swine 
(porcine form) or cows (bovine form). The abortus infection is not 
so pathogenic for man as the melitensis form. Most of the persons 
who drink infected cow s’ milk show^ no evidence of the disease, though 
they may have agglutinins in the blood. Thus the morbidity for the 
human subject is low*. 

Infection is acquired via the alimentary tract, usually by drinking 
unpasteurized cowls’ milk, so that most human cases in temperate 
countries are examples of abortus infection. In view" of the fact that 
this is a milk infection it is curious that the disease is rare in children. 
Laboratory infections may be acquired through cracks in the skin, the 
scratch of an infected needle, etc. Contact infection may also occur 
in w"orkers in packing houses, farmers, veterinarians, and others w'ho 
come in contact w'ith infected material. The method by w^hich infec- 
tion passes from one animal to another is not certainly knowm. L"ndu- 
lant fever used to be regarded as a rarity. In 1926 only 46 cases 
w’ere reported in the United States, but in 1929 over 1300 cases w"ere 
reported. It is undoubtedly very much commoner than is usually 
thought. It should enter into the differential diagnosis of every long- 
ccjntinued fever when such conditions as typhoid, tuberculosis and 
subacute bacterial endocarditis are being ruled out. The mortality 
is low", less than 2 per cent. Brucella infection may not give rise to 
typical undulant fever but merely to persistent malaise and indisposi- 
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tion with some irregular fever. In endemic areas a certain proportion 
of the population suffers from a latent infection, so that the blood 
gives a positive reaction to the agglutination test. Women with latent 
infection may show a tendency to abortion. 

The disease begins insidiously with an evening rise of temperature, 
and the patient may be ill for some time without knowing that he has 
any fever. Persistent weakness, muscle pains, arthritis, and marked 
perspiration with a peculiar sweet sickly odor to the sweat are some of 
the common features of a disease which may easily pass unrecognized. 
Orchitis is an occasional symptom. The fever may come in waves, 
hence the name undulant fever, though this is not common, and the 
infection may last for months and even years. Three months is an 
average duration. '^Fhere is a remarkable absence of positive physical 
signs, owing to the general rather than the local character of the in- 
fection. The spleen is palpable in more than a third of the cases. 
The lymph nodes may be enlarged. A blood culture may be obtained 
at the height of the fever, but it is often negative, and has to be kept 
at least a week before any growth is apparent. The culture should be 
kept for five weeks before being discarded as negative. The organisms 
are often excreted in the urine, and a culture may be obtained from a 
catheterized specimen. Agglutination is the most reliable means of 
diagnosis. Agglutination with a titer of 1 in 100 or over in the presence 
of fever and the other clinical symptoms indicates acti\’e infection. 
A titer of 1 in 100 in the absence of clinical symptoms indicates latent 
infection. A titer of 1 in 80 and under in the absence of clinical symp- 
toms indicates a pai>t infection. Occasionally active cases fail to give 
agglutination, but this is uncommon. A source of confusion is a cross- 
agglutination with Bacterium tularense which sometimes occurs. 

Lesions.— These arc very indefinite, but in general they are those of 
a septicemia. Very few studies of the autopsy findings in undulant 
fever have been recorded owing to the low mortality of the disease. 
The spleen is enlarged, averaging 500 grams, and there is a general 
swelling of the mesenteric lymph nodes. Toxic changes (cloudy swel- 
ling) are seen in the liAxr and kidneys. The intestine shows small 
areas of congestion, and swelling and edema of the mucosa. Ulcers 
may occur in the colon, but are not at all common. Orchitis and 
seminal vcsicailitis are occasional occurrences, but less commonly than 
might be expected from the incidence of genital infection in the cow 
and bull. Congestion and bronchopneumonic areas are found in the 
lungs. 

In the inoculated guinea-pig the spleen is covered with tiny caseous 
foci composed mainly of epithelioid cells and closely resembling the 
lesions of tuberculosis. In undulant fever as in tularemia the clinical 
picture may resemble typhoid fever while the experimental lesions in 
the guinea-pig simulate tuberculosis. Even in man, however, there 
may be granulomatous lesions consisting of epithelioid and giant cells 
in the liver, spleen and bone-marrow (Rabson). Parsons and his 
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associates claim that chronic Brucellosis of glandular type as seen in 
North Carolina presents a microscopic picture similar or identical with 
that of Hodgkin’s disease; B. melitensis in pure culture was grown from 
the Ivmph nodes. 

SPIROCHETAL FEVERS 

Spirochsetosis Icteroh^orrhagica. Weil’s Disease.— This is a form of infec- 
tious or epidemic jaundice caused by the Spirochseta icterohsemorrhafjiia). It 
is therefore considered in the discussion on jaundice in Chapter XXI. 

Relapsing Fever.— This is a disease of tropical countries, though some cases 
have been reported in the United States. It is characterized by a peculiarly 
recurring t 3 ^pe of fever. The febrile attacks last a few days and are separated 
by short periods during which the patient feels quite well. The disease is 
caused by several closely related species of spirochetes, of which Spirocha'ta 
obermeieri was the first described and is the best known. During the febrik* 
attacks the spirochetes are present in the blood in great numbers, but during 
the afebrile intervals they vanish. The infection is conveyed by lice and ticks. 
These do not inject the organisms directly into the blood, but when the body 
of the louse is crushed on the surface by scratching, the spirochetes arc liberated 
and penetrate through the skin abrasions. The mortality is not high. The 
postmortem lesions are those of septicemia, notably enlargement of the spleen, 
cloudy swelling of the internal organs, and hemorrhages in the serous and 
mucous membranes. 

BARTONELLA INFECTIONS 

Oroya Fever.— This is a di.seasc occurring in Peru characterized by inter- 
mittent fever and a severe rapidly progressive anemia, ending fatally in a 
large number of cases. The red blood corpuscles 
contain minute rod-like motile organisms first de- 
scribed by Bartcm in 1909 and known as Bartonella 
bacilliformis. A large proportion of the erythro- 
cytes mat" be affected. It is now known that the 
fatal cases are those which are complicated by para- 
typhoid B infection. In cases in which paratyphoid 
infection has not occurred the prognosis is good, no 
matter how great the destruction of red blood cells. 

Certain .strains of rats may become infected with 
another type of Bartonella, Bartonella imiris. The 
infection remains latent, no organisms arc found in 
the red blood cells, but a few da.ys after splenectomy 
severe and fatal anemia rapi(lly develops, due to 
invasion of the red blood cells by the Bartonella 
(Fig. 79), just as in Oroya fever. The latency appears 
to be due to the inhibitory action of the reticulo-endothelial elements in the 
spleen. 

VIRUS DISEASES 

Viruses may attack plants (mo.saic disca.ses, etc.), possibly bacteria (? bac- 
teriophage), animals (foot and mouth di.seasc, distemi>er, vaccinia, hog cholera, 
etc.), and birds (psittacosis). They are resporifjible for a great number of 
diseases in man, which may conveniently be [ilaced in the following seven 
groups: (1) Skin (dermatropic) : smallpox, chickenpox, mollu.scum contagi- 
osum, measles, lymphogranuloma venereum. (2) Nervous system (ncurotropic) : 
poliomyeliti.s, rabies, herpes (zoster and simplex), postvaccinal encephalitis, 
probably encephalitis lethargica and encephalomyelitis. (3) Nasopharyngenl 
mucosa (catarrhal): coryza, influenza, measles. (4) Glands (glandular): 
mumps, infectious mononucleosis. (5) Proliferative: verrucae, molluscum con- 
tagiosum, (?) Rous sarcoma, (?) Shope papilloma. (6) Systemic: psittacosis. 
(7) Insect vector: yellow fever, dengue. 



Fig. 79. — BartoncUii 
xniiriri. (McCluakic and 
Niven.) 
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It is a common mistake to think that viruses are merely very minute bac- 
teria, or that they are of a nebulous and almost theoretical character. They 
differ from bacteria in the following particulars. (1) Size, The viruses are 
called ultramicroscopic, but this is not strictly correct, for the largest can be 
seen in the form of so-called elementary bodies, and the electron microscope 
has brought many inernbers of the group within the range of vision. They 
range in size from 5 to 30 mm- (2) Filterability, They can all pass through the 
pores of the finest unglazed porcelain filter, but this is not all-important as 
the name filterable virus would suggest, for many minute bacteria such as 
Bacillus influenzae. Brucella abortus, and most spirochetes are filter-passers. 
(3) Cultural characters. Bacteria can live on lifeless material such as gelatin 
and agar, but viruses can only grow in media which contain living cells. They 
can be grown in vitro (tissue culture) or 
in vivo (chorioallantoic membrane of 
developing chick). They are said to be 
cytotropic, because they appear to 
penetrate and live inside the cells whether 
in the body or in a culture medium. They 
do not multiply in the body fluids, and 
thus differ from bacteria. (4) Specific 
inclusion bodies are very characteristic of 
true virus diseasc^s. Wo can only recog- 
nize the presence of viruses by the effects 
they produce -“by their fruits ye shall 
know them’* and the most easily re- 
cognized effect is the cellular inclusion. 

They are not present in all, for, as Cowdry 
remarks, nuclear inclusions are the fin- 
gerj)rints of a special and limited group 
of viru.ses, and viruses, like human beings, 
may act without leaving fingerprints. It 
is doubtful if all intracytoplasrnic inclu- 
sions are necessarily an indication of virus 
infection. The inclusions may be cyto- 
plasmic or intranuclear; sometimes both 
forms are present. In some diseases, such as fowl-pox, vaccinia and psittacosis, 
cytoplasmic inclusions consist of aggregates of virus particles, which when 
dispersed arc known as elementary bodies. In other diseases, such as rabies and 
yellow fever, the status of the inclusion body is uncertain. Some “in elusions, 
particularly intranuclear ones, may represent products of degeneration. 
Inclusions represent the intracellular patholo^ of the ^'^rus diseases. The 
best-known examples are the Guarnieri bodies of smallpox (Fig. 80), the 
Negri bodies of rabies, the Lipschiitz bodies of herpes, and the molluscum 
bodies of molluscum contagiosum. They are also found in yellow fever, polio- 
myelitis, and psittacosis. Excellent illustrations of the various inclusion bodies 
are to be found in ('^owdry’s article in Rivers' book on Filterable Viruses. 
The inclusion bodies were known long before filterable viruses were dreamt 
of, for the molluscum bodies were described in 1841. (5) Selective action. To 
a much greater degree than in the case of bacteria viruses attack one par- 
ticular tissue. Thus the virus of smallpox attacks the epithelial cells of the 
skin, the virus of poliomyelitis the motor anterior horn cells of the spinal cord, 
the virus of louping-ill (sheep) the Purkinje cells of the cerebellum. (6) Re- 
sistance to qermiddes. Although readily destroyed by heat, viruses can resist 
the action of substances (glycerin, etc.) which quickly kill bacteria, so that 
they can be isolated from material contaminated by bacteria by this means. 

The nature of viruses is a matter of uncertainty. There is even doubt on so 
fundamental a question as to whether or not they are living, whether they are 
obligate parasites which require living cells for multiplication or merely the 



Fig. so. — I nclu.sioii bodies. The 
Guarnieri bodies of smallpox. (Kind- 
ness of Dr. J. CraiRie.) 
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products of cellular perversion which are reproducible in series. Some may 
belong to one group, some to the other. Rivers sums up the matter in his 
Harvey Lecture: “Some viruses may be minute living organisms representing 
the midgets of the microbic world, others may be primitive forces of life 
unfamiliar to us, still others may be inanimate transmissible incitants of 
disease.'’ The viruses may be situated near the line that separates inanimate, 
transmissible incitants from minute living organisms. The transition from 
one side of the line to the other may be so gradual that no great difference 
in the types of disease caused by agents near the line is perceptible. Stanley 
has obtained a crystalline protein from tobacco plants infected with tobacco- 
mosaic disease which has all the properties of a virus. It is still infective after 
ten crystallizations, and can reproduce the disease in a dilution of 1 in 
1,000,000,000. Such a substance cannot be regarded as living in the ordinary 
sense of the word. The tobacco-mosaic virus may be considered as an auto- 
catalytic protein which requires the presence of living cells for multiplication. 
Laidiaw points out that parasites lose the power of making substances which 
are essential to them if these can be found ready-made in the cells of the host. 
This laziness may be such that the power of independent metabolic activity 
is lost. The parasite would then be living a borrowed life, and would consist 
merely of nucleo-protein possessing the power of reproduction, but inanimate 
outside the cell. From this it will be seen that a parasite such as the tobacco- 
mosaic virus may have some of the characteristics of living matter and others 
of inanimate matter. 

Virus immunity differs in many respects from immunity to bacterial infec- 
tion. One attack of a virus disease usually confers a life-long immunity. This 
is true of measles, mumps, chickenpox, smallpox, herpes zoster, poliomyelitis, 
yellow fever, and dog distemper. The immunity seems to be due to a cellular 
rather than a humoral change, for although the blood of persons who have 
recovered from poliomyelitis contains immune bodies, these arc not propor- 
tionate to the degree of active immunity produced. The immunity may also 
be due to a continued sojourn of the virus within the body long after recovery 
has taken place. Thus in the infectious anemia of horses it was found that 
the blood was infective as long as fourteen years after an attack. Most plants 
that are infected with virus diseases retain the virus as long as they live. 
When they recover they are immune and cannot be reinfected, but this immu- 
nity is of the non-sterile type. An anti-virus serum can be produced, but the 
protective substance in the .serum does not appear to combine with the virus. 
Both the protective substance and the virus are fixed by the tissue. If fixa- 
tion of the virus precedes that of the protective substance, infection of the 
cell is not prevented, but if fixation of the protective substance precedes that 
of the virus, infection is prevented. When the virus becomes fixed to the cell 
it is protected by the latter, and the neutralizing antiserum is unable to affect 
it. The immune bodies in the serum seem to act directly on the virus with- 
out the intervention of complement or leucocytes which are so essential in 
bacterial immunity. 

The lesions produced by viruses are varied. There may be: (1) cellular 
changes, (2) inflanunation, or (3) no detectable lesion. The cellular change 
is the primary one. It may take the form of hyperpla.sia, degeneration or 
lysis. The hyperplasia is marked in such lesions as verruca vulgaris (warts), 
molluscum contagiosum, fowlpox, the Rous sarcoma of chickens, the Shope 
papilloma, and the virus-produced adenocarcinoma of the frog's kidney 
described by Luck4. The virus evidently stimulates the cell to reproduce. 
Cell division is usually amitotic, but numerous mitoses may also be seen. 
(What relation, if any, has this to the problem of cancer?) Degeneration of 
the cells attacked is seen in smallpox, herpes, poliomyelitis, rabies, etc. Lysis 
is best seen in the phenomenon of bacteriophagy. Inflammatory changes occur 
in many virus diseases, but they are secondary rather than primary. The 
characteristic cell is the mononuclear or lymphocyte, no matter how acute the 
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disease, but there may be many polymorphonuclears, as in poliomyelitis. The 
central nervous system is a common site of virus diseases in man, and here 
the inflammatory lesions usually take the form of perivascular collections of. 
mononuclear cells. 

With this survey of the general characteristics of virus diseases, some of the 
examples in man will now be described. 

Smallpox.— Smallpox or variola is an acute infectious fever charac- 
terized by the formation of “pocks” or pustules in the skin. Headache 
and persistent pain in the back are characteristic symptoms. After 
an incubation period of ten to twelve days the skin lesions appear 
and slowly develop. At first they are papules, in the course of a few 
days these become vesicles, and the vesicles are converted into pus- 
tules, over which scabs are formed. Healing occurs under the scabs 
or crusts, but when these are cast off a scar may be left. The depth 
of the scar depends on whether or not the destructive process has 
reached the cutis vera. The disease is extraordinarily contagious, the 
infection being conveyed by the discharge from the lesions and by the 
crusts. This may happen from personal contact, from contact with 
clothing or possesions of the patient, or by air transmission, the ^drus 
being carried on particles of dust from the scabs. Before the intro- 
duction of vaccination the diseavse used to be as common as measles. 
It was seen mostly in children, because a previous attack bestowed on 
adults a permanent immunity. Macaulay with characteristic rhetoric 
speaking of 17th Century England paints this picture: “The small pox 
was always present, filling the churchyards with corpses, tormenting 
with constant fears all whom it had not yet stricken, leaving on those 
whose lives it spared the hideous traces of its power, turning the babe 
into a changeling at which the mother shuddered, and making the eyes 
and cheeks of the betrothed maiden objects of horror to the lover.” 

.1 lastrim is a form of smallpox met with principally in South America. 
It differs from smallpox in having a very low mortality, but is probably 
a variant of that disease due to the same cause. 

Smallpox is a good example of a disease caused by a cyto- 
tropic filterable virus. The infective agent is a filter-passer, charac- 
teristic inclusion bodies are foxmd in the local lesions, and there is a 
topical reproduction of the virus. The virus can be grown in artificial 
culture with pieces of growing skin, multiplication being shown by 
the result of subsequent inoculation, which is the only method of 
pro^'ing that a filterable virus is still active. The inclusion bodies 
w^ere first described by Guamieri, and are known as Gnarnieri bodies 
(Eig. 80). They are present in the cytoplasm of the epithelial cells of 
the skin lesions and are easily produced by applying a small quantity of 
virus to a scratch in the cornea. They may be merely a degeneration 
product of cytoplasm, but it appears more probable that they repre- 
sent some multiplying form of the virus, a colony of the minute gran- 
ules which are seen in the discharge from the lesions and in vaccine 
lymph, and which seem to constitute the actual infective agent. 

Lesions.— Only some of the lesions of smallpox are specific, i. e,. 
are due to the virus itself. The others are due to the secondary strepto- 
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coccal infection which seems to occur in every case. The streptococci 
are responsible for the pustular lesions, and usually for the dpath of 
the patient. The specific lesions are the papules and- vesicles of the 
skin. The virus is epitheliotropic and multiplies in the epidermis. 
There is a peculiar degeneration of the epithelial cells which become 
swollen (ballooning) and undergo liquefaction. The change is more 
marked at the periphery of the lesion, so that the edges are raised, 
giving the center a sunken or umbilicated appearance. There is a 
fluid exudate in the vesicular stage, but this is clear and almost free of 
cells. When suppuration occurs it is crowded with pus cells. In the 
vesicular stage there are abundant plasma cells in the tissues, but in the 
pustular stage these are replaced by polymorphonuclear leucocytes. 
The Guarnieri bodies have already l>een described. The mucous mem- 
branes of the mouth and nose show the same lesions as the skin. In 
the internal organs there are lesions of focal necrosis (liver, kidney, 
heart) due to the secondary infection. Inflammatory necrotic nodules 
in the testicle are common. Death is often due to bronchopneumonia. 

Rabies.— Kabies or hydrophobia is a disease atlV'cting animals 
(carnivora, e. g,, dog, wolf) and man. The infection is transmitted 
to man by the bites of rabid animals, the infective agent being excreted 
in the saliva. The incubation period is fortunately remarkably long, 
usually over two months, and in rare cases as long as a year. This 
gives time for preventive treatment. The length of the incubation 
period depends on the pcisition of the bite, being very much shorter 
in bites of the face and head than in bites of the leg, for a reason that 
will be apparent shortly. The principal symptoms are cerebral irri- 
tation, pharyngeal spasm especially at the sight of water so that the 
patient is unable to drink, and generalized convulsions. The disease 
is invariably fatal unless preventive treatment is ernpUn ed. 

Etiology,— Rabies, like smallpox, is a good example of a cytotropic 
virus disease. It is caused by a filter-passing agent which is neuro- 
tropic, so that the true lesion is in the nerve cells of the brain. The 
disease can be produced by inoculating an emulsion of the brain of a 
rabid animal into the subcutaneous tissue of another animal. It may, 
if wdshed, first be passed through a Berkefeld filter. As the symptoms 
are cerebral it is evident that the virus must pass from the site of 
inoculation to the brain. Like other viruses it does not travel by the 
blocnl stream, but passes along the peripheral nerves, probably along 
the axis cylinders, as Goodpasture has shown to be true of the virus of 
hcr|x*s simplex. It is for this reason that the incubation period is long 
for bites on the foot, short for bites on the hcjul ; it is all a question of 
how far the virus has to travel. Once the virus reaches the central 
nervous system it is rapidly disseminated throughout the brain and 
spinal cord. 

Lesumft,- There are no naked eye changes apart from congestion 
ot the gray matter of the brain and cord. Microscopically there is 
cell 'degeneration, phagocytosis of the degenerating cells, and collars 
of inflammatory cells (lymphocytes and plasma cells) around the small 
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bloodvessels. The pathognomonic feature is the presence of Negri 
bodies. These are inclusion bodies varying much in size found in the 
cytoplasm of the ganglion cells in the hippocampus major as well as 
in the cells of the medulla, cerebellum, etc. They are acidophilic 
bodies with a blue center. When a dog suspected of rabies has bitten 
a patient, the dog’s brain must be examined for Negri bodies. The 
most rapid method is to take a cover-glass impression of the cut surface 
of the hippocampus major, but a more certain method is to stain 
sections. The nature of the Negri bodies is still a matter of dispute,-^ 
for those best qualified to judge are divided in opinion as to whether 
they represent aggregations of the virus or merely degeneration pro- 
ducts of cellular origin. 

Preventue Inoculation.— It is rather strange that the modern treat- 
ment of rabies is that introduced by Pasteur who had never heard of 
filterable viruses or Negri bodies. Pasteur found that the spinal cord 
of rabbits infected with the disease was rich in the virus, as shown by 
the results of animal inoculation. He also found that he could lower 
the virulence of the virus by the simple expedient of hanging up the 
cord and allowing it to dry. By drying a scries of coixls for varying 
lengths of time he obtained a series of viruses of varying virulence. 
Treatment is of no avail once the symptoms have manifested them- 
selves, but Pasteur availed himself of the very long incubation period 
which is so striking a feature of the disease. He found that if treat- 
ment was commenced within five days of receiving the bite it was 
successful in nearly 100 per cent of the cases, that is to say there was 
complete prevention. This is surely an extraordinary tour de force 
for the earliest days of modern bacteriology. 

Yellow Fever.— Yt'llow fever is an acute infection with high fever, 
acute nephritis, hemorrhages in the skin and from the stomach and 
bowels, and jaundice. It occurs in certain endemic centers in Central 
and South America and in West Africa which in the past have served 
as starting-points of epidemics. The American centers have been 
almost completely controlled, but that is far from being true of West 
Africa, where both Stokes and Noguchi died of yellow fever while 
investigating the disease. The mortality is above (iO per cent, but 
if recovery takes place a permanent immunity is established. The 
virus is transmitted from one person to another by a mosquito, Stego- 
myia fasciata (Aedes legypti). Twelve days must elapse before the 
mosquito becomes infective for another person. The story of the 
Heed Commission which worke<i out the method of transmission, and 
of General Gorgas who waged war on the stegomyia and cleansed 
Havana and Panama of yellow fever after they had been infested for 
centuries, is one of the romances of medicine. 

A notable advance is the discovery of an animal which can be in- 
fected experimentally. The Reed Commission had to use two of their 
own number as experimental animals to prove that infection was cop- 
veyed by the mosquito, and Lazear died as the result of the experi- 
ment. Stokes showed before his death that the monkey can be infected, 



204 


BACTERIAL INFECTIONS 


and all the recent work has been done on Macacus rhesus. It is now 
possible to demonstrate the presence of immune bodies in the blood 
of the majority of the inhabitants of some West African villages, as 
their blood will protect a monkey against inoculation with infected 
material. Moreover a vaccine has been prepared from the liver of 
monkeys which have recently died of yellow fever. This vaccine will 
completely protect a monkey from a dose of 1 gram of infected liver, 
although a dose of 0.0001 gram is fatal for non-immunized animals, a 
truly remarkable degree of immunity. 

Lesions . — These serve to explain very completely the clinical symp- 
toms. The virus attacks the capillaries, the liver, and the kidneys, 
so tliat there are hemorrhages, jaundice, and marked urinary disturb- 
ances. There is hemorrhage into the stomach, thus giving the “black 
vomit” which is so characteristic of the later stages. The intestine 
may be full of blood. There are hemorrhages in the myocardium, 
endocardium and epicardium. The most characteristic of all the 
lesions is the “Councilman lesion” of the liver. This is a non-inflain- 
matory hyaline necrosis affecting many liver cells and forming a dense 
acidophilic mass in the cytoplasm. As the condition advances areas 
of necrosis are produced and the bile passages are ruptured with escape 
of the bile into the blood, but it is the early discrete lesion which is 
really characteristic. Intranuclear acidophilic inclusion bodies have 
been described in the liver cells in both the human and the experimental 
disease. (Hoffmann.) There is an extensive necrosis of the renal 
epithelium, so that the convoluted tubules are blocked with necrotic 
cells; the marked albuminuria, abundant casts, and final anuria are 
natural sequels, and they are among the worst prognostic signs. Thc‘ 
spleen is of normal size, but shows a striking loss of lymphocytes. 
Congestion and hemorrhages in the lungs are common. 

Poliomyelitis.— Poliomyelitis is an acute infection of the grey matter 
of the spinal cord and brain, and will be described in connection w ith 
Diseases of the Nervous System. As it happens to be a virus disease, 
some of the bacteriological features will be considered here. 

The virus is an ultra-microscopic filter-passer, and is markedly 
neurotropic. It becomes associated with the motor cells of the central 
nervous system whether it is injected into the brain, painted on the 
naso-pharyngeal mucous membrane, or inoculated into a peripheral 
nerve. Like the virus of rabies, it appears to pass along the axis 
cylinders of the nerve until it reaches the central nervous system, where 
it becomes widely disseminated. The symptoms may suggest a local- 
ized infection, but the nervous lesions are always widely spread. The 
very important practical question of route of infection and method 
of spread of the disease are considered in Chapter XXXI. 

Intranuclear inclusion bodies have been described by Hurst in 
degenerating cells in the early stage, but not when the cell has become 
necrotic. As in other virus diseases immunity is life-long. The blood 
contains immune bodies many years after the acute attack, and these 
may be used for the treatment of early cases. 
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Herpes.— There are two different forms of herpes, herpes simplex 
(febrilis, labialis, cornealis, genitalis) and herpes zoster. Herpes zoster 
follows the distribution of the spinal nerves, is accompanied by changes 
in the spinal fluid, and the attack is followed by permanent immunity. 
Herpes simplex is recurrent, does not follow the line of nerve distribu- 
tion, and is not accompanied by changes in the spinal fluid. Both are 
probably virus diseases, the site of attack being the sensory nerve 
ganglia. 

It is a remarkable fact that when the virus of herpes simplex, so 
harmless in man, is inoculated into the cornea of a rabbit, a fatal 
encephalitis is produced. Goodpasture has shown that the path of 
absorption is along the axis cylinders of the nerve supplying the part, 
whether it is sensory, motor, or sympathetic. The histological cri- 
terion for the action of the virus is the presence of Lipschutz bodies, 
which are intranuclear inclusions found both in the epithelial cells of 
the primary lesion (skin or cornea), and in the nerve cells in the brain 
or cord from which nerve fibers pass to the part affected. In both 
instances they are a proof of the direct action of the virus on the cells. 
The relation of herpes to epidemic encephalitis will be taken up when 
the latter disease is discussed in a later chapter. 



Fig. 81. — Molluscum bodies lying in epidermis. X 225. 


Molluscum Gontagiosuin. — This is a contagious condition characterized by 
the development of small white, waxy, almost transparent raised nodules on 
the skin especially in children. They may last for months or years and tiien 
disappear spontaneously. Softening occurs, and a cheesy material can be 
squeezed out through a small opening in the skin. The condition is a true virus 
disease. The virus first stimulates the epithelial cells to proliferate, and hyper- 
plasia is then followed by degeneration and softening. The characteristic 
feature of the lesion is the molluscxm bodies, (Fig. 81.) These are egg-shaped 
glistening bodies which lie in the softened center of the lesion and can be 
readily extruded. If the molluscum bodies are squashed they are found to 
consist of an enormous number of minute granules, similar to those already 
described in other virus diseases, which push the nucleus to one side. The 
evidence in favor of the cell inclusions being intracellular accumulations of 
living microorganisms is stronger in the case of molluscum contagiosum than 
with any of the other virus diseases. When an emulsion of molluscum bodies 
is passed through a Berkefeld filter and injected intracutaneously into a human 
volunteer, typical molluscum lesions develop in the course of two or three 
weeks (Wile and Kingery). 
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Mumps.— Mumps or epidemic parotitis is caused by a virus which 
can be demonstrated in the saliva. The disease can be reproduced in 
monkeys by injection of a filtrate of saliva from human cases into 
Stenson’s duct. The lesions produced by the virus are epithelial 
necrosis and round cell infiltration of the interstitial tissue. Inflamma- 
tion of the testis (orchitis) occurs occasionally, and rare complications 
are acute pancreatitis and meningo-encephalitis. 

Measles. — Measles because of its extreme contagiousness is one of 
the commonest diseases in the world. Yet its cause is still undecided. 
Various observers, among whom Ruth Tunnicliff deserves special men- 
tion, hold that the infective agent is a diplococcus so small that it can 
pass through a filter. The evidence in support of this when examined 
critically is suggestive but far from conclusive. It is more probable 
that the causal agent is an ultra-microscopic virus. The life-long 
immunity conferred by one attack supports this view. A second attack 
is extremely rare. Contagion is due to direct exposure to a case of 
the disease. The experimental injection of infected blood into human 
volunteers and monkeys has been successful in producing the disease. 

The immunity following an attack of measles is associated with 
the presence of immune bodies in the serum, and these can be used as 
a means of treatment and prevention. Measles is an outstanding 
example of a virus disease, which can be controlled by immune serum 
therapy. The immune serum may prevent or modify an Jittack. If 
given within five days of contact there is complete protection, but the 
immunity is passive and fades in from two to four weeks. If given 
between the seventh and ninth day the attack is not prevented but 
it is very mild and gives a lasting immunity. The chief danger to life 
is before the fifth year, for after that the mortality is trivial. Thus 
before the fifth year it is better to give the serum early, but after the 
fifth year it is better to give it late. 

The chief symptoms are fever, the characteristic rash, and evidence 
of an acute catarrhal infection of the upper respiratory tract and eyes. 
The commonest complication is bronchopneumonia. 

Lesions.— As in the case of influenza, it is difficult to differentiate 
with certainty between the essential lesions of measles and those due 
to complications. Among essential lesions are those of the skin, mucous 
membranes of the mouth and respiratory passages, lungs, lymph 
nodes, and spleen, liver, and brain. 

In the skin the chief change is a round-cell infiltration about the 
bloodvessels, hair follicles, and sweat glands. In the deeper layers 
of the epidermis there are areas of colloid degeneration of the epithelial 
cells passing into coagulation necrosis. These areas are surrounded 
by fibrin and leucocytes, and are probably due to the direct action of 
the virus on the epithelium. 

The mucous membrane of the mouth and upper respiratory tract 
shows catarrhal inflammation. In the mouth the epithelium is thick- 
ened and in places shows foci of fatty degeneration, giving rise to the 
white dot which forms the center of the Koplik spot, the pathognomonic 
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sign of measles. The lymph follicles are swollen, and occasionally 
they may break down so as to form ulcers in the mouth and larynx. 
Warthin has described a peculiar lesion of the tonsils and pharyngeal 
mucosa in the prodromal stage of measles characterized by collections 
of multinucleated giant cells like the giant cells of Hodgkin’s disease. 
In 3 cases he was able to make a diagnosis of measles merely from an 
examination of the excised tonsils several days before the appearance 
of the rash. 

The lungs of fatal cases nearly always show bronchopneumonia. 
This should be regarded as a complication rather than as an essential 
lesion. If the patient recovers from the bronchopneumonia he may 
develop an acute form of pulmonary tuberculosis due to the lowered 
resistance produced by the virus. 

The lymph nodes and spleen may be swollen, but never to any great 
extent. A peculiar giant-cell formation may occur in lymphoid tissue. 
This has been observed in the tonsils (Warthin) and in the appendix 
in the prodromal stage. Monkeys injected with blood from measles 
patients show giant cells in the lymph nodes (Gordon and Knighton). 
The spleen is seldom palpable. The liver often shows areas of focal 
necrosis. The brain may be the seat of a meningo-encephalitis, a 
lesion which will be described in connection with that disease. The 
blood shows a characteristic leucopenia, due to a diminution in the 
number of polymorphonuclear leucocytes. This forms a striking con- 
trast to the leucocytosis of scarlet fever. 

Influenza. —Influenza is the most puzzling of all the infectious dis- 
eases. It is usually the mildest of infections, lightly referred to as “a 
touch of the flu.” At long intervals it suddenly assumes a virulent 
form, and like “a blast from the stars” great epidemics and pandemics 
sweep across the world killing millions of people. At such times, as in 
the 1918-1919 pandemic, it seems that “the Angel of Death is abroad 
in the land; you can almost hear the beating of his wings.” During 
that pandemic 500,000,000 were attacked and 15,000,000 were killed. 
Are these two diseases the same although of different intensity? It is 
hard to say, because we haA'e no criterion by which influenza can be 
recognized with certainty apart from its epidemic character. There 
is no infallible clinical symptom, no certain laboratory test, no pathog- 
nomonic autopsy lesions. 

Etiology. —The etiology of influenza has long been the subject of 
controversy, an excellent smnmary of which will be found in a review 
by Holman. At the end of the great pandemic of 1889-1892 Pfeiffer 
found a minute Gram-negative hemophilic bacillus in the sputum and 
bronchial passages of influenzal patients, and concluded that this must 
be the cause of the disease, so that it beemne known as Bacillus influ- 
enzae. It has now been established that epidemic influenza is caused 
by a virus, or rather by at least two viruses, A and B, of which A is by 
far the commoner; B has only been found in small isolated outbreaks. 
The two viruses are perfectly distinct, as shown by neutralization tests 
with immune serum. None of the ordinary laboratory animals are sus- 
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ceptible to direct inoculation from man, but in 1933 Smith, Andrewes 
and Laidlaw showed that ferrets are susceptible and also swine. After 
passage through the ferret white mice can be infected by instillation 
into the nostrils. Ferret infection is contagious whereas mouse infec- 
tion is not. The explanation of the difference is simple; the ferret 
sneezes and the mouse does not. Pneumonia only occurs after either 
anesthesia or after repeated passage through ferrets. The solid lung 
is bacteriologically sterile, but rich in virus. The virus responsible for 
the great 1918 pandemic can no longer be isolated from man. It has 
vanished. It used to be believed tliat the virus passed into swine, 
causing the swine influenza which appeared in 1918, ard that it sur- 
vives in swine though dying out in man. Unfortunately this pretty 
theory has now to be abandoned. The cause of endemic influenza, 
commonly" called grippe, has not yet been determined. It is apparently 
not due to either the A or B virus of epidemic influenza. 

The A’irus can conveniently be grown on the allantoic membrane 
of the developing chick by inoculating through a small drill hole in 
the shell of the egg. Hirst, and independently McClelland and Hare, 
have shown that the presence of virus in the allantoic fluid can be 
recognized by the fact that such fluid agglutinates chick red blood cells. 

The part which other organisms may play in association with a 
\ irus is well illustrated by Shope’s work on swine influenza. This 
disease can be produced experimentally in pigs by means of a filterable 
virus acting in conjunction with Hemophilus influenzeB suis, a small 
hemophilic organism which is present in the natural disease, but is 
quite unable to induce the disease by itself when inoculated iiitra- 
nasally. The virus alone was unable to produce the typical disease, 
but did cause an exceedingly mild infection which was contagious. 
The combination of the comparatively innocent virus and a culture of 
H. suis produced se\'ere and typical lesions, so that it appeared as if 
the virus conferred powers of invasion on H. suis. Some such co- 
ordinated mechanism may be at work in human influenza. 

Lesions.— The lesions of fatal cases of influenza will be described in 
connection with diseases of the respiratory system. It may be said 
here that in all eases the essential lesion seems to be an acute inflam- 
mation of the upper respiratory tract, commencing in the nasopharynx, 
affecting the sphenoidal and other air sinuses, and passing down to 
cause a tracheobronchitis. Patches of interstitial pneumonia with 
mononuclear collections in the bronchial walls similar to those already 
described in measles form a characteristic feature. The influenzal 
pneumonia with great hemorrhagic edema in the pulmonary alveoli 
which is so frequently seen at autopsy is probably due to secondary 
invaders. 

Psittacosis. — This is another disease of animals occasionally transmitted to 
man. It is a disease of South American parrots and parakeets {psittakosj 
parrot), often known as parrot fever, and when a pandemic occurs among the 
birds, small epidemics are certain to ^pear in the countries to which the 
parrots are exported. Canaries and finches in contact with parrots may 
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acquire the infection. Man to man infection may occur, but is not common. 
The last notable epidemic occurred in 1929-1930 in many parts of Europe and 
America, but even in epidemic periods the disease is really rare. It is extremely 
infective for laboratory workers investigating the disease, even though they 
have not come in actual contact with diseased parrots. The virus is present 
in the nasal discharge and feces of infected birds, contaminates the air in the 
vicinity of the cages, and is inhaled by persons in the vicinity. 

The onset is sudden with fever, intense headache, gastro-intestinal disturb- 
ance, and a clinical picture often mistaken for typhoid fever. The physical 
signs, on the other hand, are those of an atypical pneumonia. There is con- 
solidation and cough, but no sputum, pleurisy or leucocytosis. The presence or 
a parrot in the history is necessary for a positive diagnosis. The mortality in 
the English cases was 20 per cent. There is a reliable complement fixation test, 
but it is also positive with the serum in lymphogranuloma venereum; the 
Frei reaction is also positive in psittacosis. 

For long it was thought that a bacillus of the paratyphoid group, first 
described by Nocard and known as Nocard^s bacillus or Bacillus psittacosis, 
was the causal agent. It was shown in 1930, however, that the agent was a 
filterable virus. 

Lesions. “-The chief lesions are in the lungs. There is a patchy pneumonia, 
but with very little fibrin in the exudate and no fibrinous pleurisy. The really 
characteristic lesion, however, is a remarkable swelling of the epithelium lining 
the alveoli and a proliferation of the cells as indicated by numerous mitotic 
figures. The proliferated cells may become desquamated and form character- 
istic clumps and plugs in the alveoli. Apart from this the human lesions are 
not characteristic, for they are very varied, due probably to secondary infec- 
tions. In inoculated mice foci of necrosis are found in the spleen and liver. 
The bronchioles are filled with an exudate which blocks the lumen and causes 
areas of collapse to be formed. Rickettsia-like inclusions have been described 
in the endothelial cells of the lung, liver and spleen in parrots which have 
died of the disease. Other lesions in the body are a moderate degree of enlarge- 
ment of the spleen and congestion of the internal organs. 

RICKETTSIA DISEASES 

In 1909 H. T. Ricketts described minute bodies in the blood of patients 
suffering from Rocky Mountain fever and in the tick which carries the disease. 
In 1910 Ricketts and Wilder found the same minute bodies in the intestinal 
canal of lice which had fed on typhus patients. These are now known as 
Rickettsia bodies or simply Rickettsia. They are just visible, being from 
0.3 to 0.5 micron in diameter. Their filterability is doubtful. The\' vary in 
shape, and stain best with Giemsa. It is now known that there are many 
different varieties of Rickettsia. They are all transmitted to man by some 
insect (arthropod) vector. They grow only in the cytoplasm of living cells, 
not on artificial culture media; for this reason typhus vaccine is grown on the 
yolk-sac of developing hen's eggs. In man they live only in the mesothelial 
cells of the vascular and reticulo-endothelial systems. They cause a cutaneous 
rash, and nervous and mental symptoms. The serum of patients contains 
agglutinins for the Proteus group of bacteria. They develop in the gut of the 
arthropod host, multiply there, and are discharged in enormous numbers in 
the dejecta. Only three are known to be pathogenic for man, causing typhus 
fever, Rocky Mountain spotted fever, and trench fever. 

Typhus Fever. — Typhus is an acute infectious fever which used to be one 
of the great scourges of man. Being carried by the body louse it is seldom 
seen in ordinary life, but was fearfully prevalent during the World War, 
especially in the Balkan States. No disease has been more fatal to the men 
who have investigated it. Ricketts, Prowazek, Bacot, and many others are 
among its distinguished victims. Although many microorganisms have been 
describ^ in connection with typhus, there seems to be little doubt that it is 
14 
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caused by a Rickettsia body, Rickettsia prowazeki, which is found both in 
the human patient and in the lice which have been feeding on him. 

Zinsser, in his delightful and entertaining Rata, Lice and History, remarks 
that “louse transmission was the great discovery made by Nicolle, which 
furnished the first powerful weapon for a counter-attack against the disease. 
It explained the manner in which epidemics are propagated. It removed all 
mystery from the historic association of typhus epidemics with wars, famines, 
and wretchedness. But it left unanswered the problem of the smouldering 
embers of the virus in interepidemic periods.^' For the human louse soon dies 
on being infected with typhus. The secret reservoir of infection was only 
recently found to be the domestic rat, transmission from animal to animal being 
through the agency of the rat flea. If the rat dies and the rat flea is hard put 
to it to find a new host he may bite man. This is the sporadic case. If the 
victim is lousy and lives in a lousy community, the result is an epidemic. 

The onset of the disease is acute, with high fever, great weakness and pros- 
tration, tracheobronchitis with bronchopneumonia, and a macular rash which 
is often characteristically hemorrhagic. There may be necrosis of the skin. 

Lesions. —The gross pathological changes are not characteristic. There is 
acute splenic swelling and cloudiness of the organs. Tlie microscopic chaises 
pe quite characteristic, taking the form of proliferative and thrombotic lesions 
in the vessels of the skin, the skeletal muscles, the heart, and the central 
nervous system. It is these which are responsible for the hemorrhagic rash 
and the occasional necrotic lesions. There is a swelling and proliferation of 
the vascular endothelium, and at the site of this swelling thrombosis is liable 
to occur. In Giemsa preparations the swollen endothelial (;ells may some- 
times be seen to be crowded with Rickettsi®. Perivascular accumulations of 
mononuclear and polymorphonuclear cells are common, and in addition 
tubercle-like nodules are scattered through the central nervous system. These 
are produced by neuroglial proliferation, and provide another example of the 
proliferation which is so characteristic a feature of the microscopic lesions. 

In man the Rickettsias are found in the endothelial cells. In the loui^e they 
are confined to the lining epithelium of the gut, where they multiply prodigi- 
ously. Beautiful illustrations of the lesions and the Rickettsia will be found 
in Wolbach's monograph. Infection is carried by the body louse, which does 
not become infective until seven days after feeding. The infection is not 
necessarily caused by bites, for the excreta of the louse is swarming with 
Rickettsia, and these, when deposited on the skin, may enter through scratches 
and abrasions. Bacot died of typhus although he was never bitten. The virus 
is present in the blood, in the leucocytes and in the blood platelets. It is often 
stated that it is filterable, but this is probably a mistake. The disease can 
be transmitted to monkeys and also to guinea-pigs by the subcutaneous injec- 
tion of infected blood and by the bites of infected lice. 

The WeiUFelix reaction is a curious example ot heterologous antibody 
action. The blood of typhus patients gives a marked agglutination with many 
colifoim organisms, and particularly with the Proteus group. This Bacillus 
proteus reaction is positive by the fifth day in 50 per cent of cases, and soon 
becomes positive in over 90 per cent of cases. It is therefore of great diagnostic 
value. Though described by Weil and Felix in 1916 it was previously described 
by Wilson of Belfast in 1910. 

Tsutsugamuflhi Fever.— This typhus-like infection, also known as scrub 
typhus, is endemic in Japan, Malaya and the East Indies. It is caused by 
Rickettsia orienialis, and the disease is transmitted by the bite of an infected 
larva of certain mites. The habitat of the mite is in rotting vegetation and tall 
grass, hence the name scrub typhus. Indeed it would be better called mite 
typhus, just as we may distinguish louse-borne typhus (ordinary typhus), 
tick-borne typhus (Rocky Mountain spotted fever), and flea-borne typhus. 
Only in louse-borne typhus is the infection transmitted directly from man to 
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man. A characteristic ulcer usually develops at the site of entry of the infec- 
tion, associated with local and general lymphadenopathy. 

Rocky Mountain Spotted Fever.— Rocky Mountain fever or spotted fever 
bears a remarkable resemblance to typhus fever in regard to symptoms, 
lesions, and bacteriology. It is an acute infection with headache, continued 
fever, pains in the muscles, and a macular eruption which often becomes 
hemorrhagic (“spotted fever”), and sometimes necrosis of the skin. It used 
to be thought that the disease was confined to the northwestern part of the 
United States (Rocky Mountain region), but it is now known that the infec- 
tion may be acquired over a considerable part of the United States, east as 
well as west, and in southern Canada. There is some difference between the 
lesions in the eastern and western forms of the disease. 

The disease is caused by one of the Rickettsia group, and is therefore con- 
veyed by an arthropod, this time a wood tick, Dermacentor venustus. The 
disease is confined to regions and seasons (spring and early summer) in which 
wood ticks abound. As in the case of typhus, laboratory workers may acquire 
the disease without being bitten by the tick. In such cases the infected material 
must get on the skin and penetrate through cracks and scratches. The infec- 
tion can be transmitted to the monkey, rabbit, and guinea-pig. In the guinea- 
pig the disease is much more severe than when the animal is infected with 
the Rickettsia of typhus, and there is often necrosis of the external genitals. 
The organism has never been cultivated on artificial media, nor is it filterable. 
It is always intracellular in the tick. Unlike Rickettsia prowazeki, it can be 
transmitted from one generation of tick to another without the intervention 
of man. Washed red and white blood cells can transmit the disease to an 
animal, although Rickettsije are almost never seen within these cells, sug- 
gesting that the virus may assume a form in which it cannot be demonstrated 
at present. A vaccine has been prepared from an emulsion of infected ticks. 
By its use (dose = 4 ticks) the mortality in the Bitterroot Valley, Montana, 
has been reduced from 90 per cent to 9 per cent. 

Lesions. -These are very similar to those of typhus fever. The spleen is 
enlarged, and there may be hemorrhage in the ovaries and testes, but the 
only characteristic lesions arc microscopic. There is the same proliferative 
arteritis combined with thrombosis. The endothelial cells lining the vessels 
become greatly swollen and undergo division. Thrombosis, both mural and 
occluding, occurs on the swollen endothelium. The result of the vascular 
occlusion is seen in the hemorrhagic rash and the necrotic areas on the skin. 
In the eastern form of the disease focal brain lesions consisting of axonal 
swelling and degeneration, together with a proliferative gliosis, are very char- 
acteristic; they are never found in the western form. (Lillie.) 

Trench Fever.— This is the third of the Rickettsia diseases, but differs from 
typhus fever and Rocky Mountain spotted fever in having a mortality so low 
that nothing is known of the lesions in man. The infection is carried by the 
body louse, so that the disease affects troops under conditions of trench w'ar- 
fare. It was the commonest of all the diseases affecting the British army in 
France. It is an acute febrile disease characterized by great prostration, severe 
pain in the muscles and bones (“shin bone fever”), and recurring attacks of 
fever often at intervals of five or six days (“intermittent fever,” “five-day 
Wer”). Pain in the muscles is severe and very characteristic. In many cases 
there is a red macular rash. It will be seen that the symptoms are not unlike 
those of typhus and Rocky Mountain spotted fever. A striking feature is the 
long period during which the patient harbors the infection. Lice have been 
infected from a patient more than a year after the onset of the disease. The 
recurrences which sometimes occur many months after the initial attack are 
thus easy to understand. 

Infection can be transmitted from one person to another by the injection 
of whole blood or of washed red or white corpuscles, but not by the use of 
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serum. The infection is therefore carried in the cells. The Rickettsia are 
found in lice which have fed on trench fever patients. The organisms are 
present in enormous numbers in the excreta of the louse. Infection is due 
either to bites or to excreta being rubbed into scratches and abrasions. 
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CHAPTER VIII 

DISEASES CAUSED BY ANIMAL PARASITES 


Pathogeinic parasites are of common occurrence even in temp>erate 
countries, and when the tropical parasites are included we meet some 
of the most widespread diseases of mankind. Many of the parasites 
pass through a complicated life cycle, which adds to the interest (and 
the difficulty) of the subject. Very few parasites pass their life cycle 
in only one host. The eggs produced in the body of a man or animal 
do not develop in the same body. They may develop into larvae in 
the soil, or they may be ingested by another host and develop there. 
The definitive host is the host of the adult parasite (sexual cycle), and 
the intermediate host is the host of the embryo (asexual cycle). Thus 
man is the definitive host of the common tapeworms, but the inter- 
mediate host of the malarial parasite. A vector is a means of conveying 
parasites to a new host; vectors may be vegetable or animal foodstuffs 
or insects. An insect vector may also be a host. A knowledge of 
the life history of the parasite outside as well as inside the patient is 
essential if the disease is to be attacked rationally and successfully. 

The teacher of pathology commonly finds that the student experi- 
ences great difficulty in mastering the subject of the animal parasites, 
for which he is apt to acquire a marked distaste. This is because he 
is overwhelmed by the number of parasites and the need of learning 
the exact dimensions of the male and female of each species. For this 
reason only a limited number of parasites will be described here, and 
emphasis will be laid on their biological behavior and the disturbances 
they produce in man rather than on their structural details. The 
latter can be obtained in any book on parasitology. 

The subject will appear less vast and confusing if the beginner 
will realize the following facts. Disease-producing parasites belong 
to two great groups, protozoa (unicellular organisms) and worms. 
There are four important protozoal parasites, causing malaria, Leish- 
maniasis, trypanosomiasis, and amoebic dysentery. The worms are 
divided into flukes, tapeworms and round worms. Of these one fluke 
will be considered, four tapeworms, and six round worms. A wealth 
of information and superb illustrations will be found in the AtlcLS of 
Pathology of Tropical Diseases by Ash and Spitz. 

PROTOZOA 

Entamoeba Histolytica. — This is the cause of amebic dysentery, 
which is considered in connection with diseases of the intestine. The 
ameba is a single cell from 20 to 30 microns in diameter, with an outer 

( 215 ) 
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hyaline ectoplasm and an inner granular endoplasm. Movement is 
effected by an outflowing of the outer hyaline zone in the form of 
pseudopodia into which flows the granular endoplasm. The parasite 
is recognized by its mobility, which can be studied in an absolutely 
fresh specimen of feces on the warm stage of the microscope. Differ- 
entiation from the harmless Entama^ba coli, which also occurs in 
the stools, is difficult; Entamoeba histolytica frequently contains red 
blood cells and vacuoles, whereas Entamoeba coli does not. In chronic 
cases, such as are seen in temperate countries, there are often no 
mobile forms, for under unfavorable conditions the ameba becomes 
globular, shrinks in size and is converted into a cyst measuring 10 to 
15 microns and having an outer capsular layer. The cystic forms of 
Entamceba histolytica and Entamoeba coli are much more easily differ- 
entiated than the active forms, for the former cysts have four nuclei 

when fully developed, the latter 
have eight nuclei. (Fig. 82.) In 
an unstained specimen the cysts 
of Entamoeba histolytica usually 
show characteristic rod-like struc- 
tures called chromidial bars. The 
cysts are round, hyaline and easily 
overlooked. They are readily 
demonstrated by mixing the stool 
with Gram’s iodine, which shows 
up the nuclei as colorless rings but 
not the chromidial bars. The nuclei 
can be even better shown by stain- 
ing a fixed smear with iron hematoxylin. Many errors are made ‘ioc 
naming the ameba in liquid stools where it occurs in active form. Tli 
is best to look first in a liquid stool (after a saline cjithartic) ; i^therjf^ 
are amebje and no cysts, wait for identification of the cysts in a 
stool. The cysts are the infective form of the parasite, for the^^cf^ve ' 
form is killed by the gastric juice as it passes through the stofl|^llUf, 
Multiplication is by direct division; there is no sexual stage. ^ 

The ameba is arrested in the colon, where it may invade the mucefea 
and set up the acute inflammation of dysentery. From the intestine 
it may invade the radicles of the portal vein, be carried to the liver, 
and there give rise to amebic abscesses. The disease is spread from 
person to person and by flies. While fly infection must be guarded 
against in the country, in the city the chief danger is from food handlers 
who are chronic carriers, and in whose sttxjls the cysts may be found. 
Amebic dysentery is endemic in the tropics, but isolated cases and 
occasional epidemics occur in England, the United States, Canada, etc. 
These can usually be traced to food carriers. Intestinal amebiasis is 
a common condition; indeed it is estimated that 10 per cent of the 
]X)pulation of the United States (3 per cent in large cities) harbor 
Entamoeba histolytica in the intestine. But we must distinguish 
between amebiasis and dysentery. As Lynch remarks: “Amebic 
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Flo. 82 . — At Cyst of E. histolytica 
stained with iodine, showing 4 nuclei; 
cyst of E. coli wdth 8 nuclei. (Blacklock 
and Southwell, Human ParasitoloKy, H. 
K. Lewis & Co.) 
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dysentery is the comparatively uncommon acute phase or end-result 
of intestinal amebiasis.’^ It is not known what upsets the usual 
balance between parasite and host. 

Balantidium Coli. — This is a ciliated protozoon parasite which, like Ent- 
ainceba histolytica, occurs in the bowel in an active or trophozoite form and 
in an encysted form. The cysts are passed in the stools and are infective, 
while the active form dies outside the body. In the intestine the encysted 
parasites develop into trophozoites, which invade the mucous membrane and 
produce ulcers, chiefly in the large intestine, but occasionally in the lower part 
of the small intestine. The ulcers resemble those of amebic dysentery, and 
the symptoms are dysenteric in type. 

Plasmodium Malarise.— The malarial parasite was discovered by 
Laveran in 1880, and in 1895 Ronald Ross showed that the disease 
was transmitted by the anopheles mosquito. These are the two great 
landmarks in the fight against one of the most important diseases 
which afflict man. The word malaria is of interest. It means bad 
air (inak), bad; aria, air), and is a reminder of the days when the disease 
was thought to be transmitted by the miasmic vapors of marshes; 
it was the mosquitoes that lived in the marshes. Among all tropical 
diseases malaria is supreme. It is the most persistent, the most 
destructive, the most widespread, and the most diffic!ult to control. 
Osier, indeed, has called it the greatest single destroyer of the human 
race. Those peoples touched by the shaking finger of malaria have 
undergone a gradual decadence, as may be seen in the history of 
(ireece and Rome. 

There are three forms of malaria: benign tertian caused by Plasmo- 
dium vivax, quartan caused by Plasmodium malarije, and malignant 
tertian or subtertian caused by Plasmodium falciparum. The third 
form is also known as estivo-autumnal, because in subtropical countries 
it occurs principally in the later summer and autumn. In benign tertian 
the characteristic chill or attack of fever occurs every forty-eight hours 
(every other day) and lasts only two or three hours, in quartan it 
occurs every seventy-two hours (every third day), and in the malignant 
tertian it occurs every forty-eight hours but is prolonged for several 
hours with a plateau rise of temperature making the attacks seem 
closer together. The distribution is as wide as that of the anopheles 
mosquito; it embraces the tropics, the southern United States, and 
many parts of Italy, Greece, the Balkans, etc. The modern treatment 
of general paresis of the insane by injecting the malaria parasite has 
brought the disease before the physicians of colder countries. The 
disease may recur after one or several years, for the parasites hide in 
the spleen and bone-marrow, and come out when the patient goes to 
a cold climate. The parasite passes an asexual stage of its life cycle in 
man and a sexual stage in the mosquito. (See Plate IV.) 

Asexual Stage,— The tertian, the commonest form, will be taken as 
an example. When an infected mosquito bites a man it injects a large 
number of rod-shaped parasites known as sporozoites or spores into the 
blood stream. One sporozoite attaches itself to an erythrocyte, pene- 
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trates it, becomes rounded, and enters on the stage of asexual develop- 
ment. A multitude of names have been given to the various steps of 
the process by zoologists, but these will be omitted for the most part. 
The parasite, being a cell, consists of a nucleus and cytoplasm. It 
forms a rounded body within the red blood corpuscle, the nuclear chro- 
matin staining red wdth Wright’s stain and the cytoplasm blue. The 
parasite often assumes a signet-ring form, with red nucleus at one 
side of the ring. The parasite grows rapidly at the expense of the 
hemoglobin, so that the red cell becomes pale and swollen. The 
parasite contains dark brown granules of pigment derived from the 
hemoglobin and commonly called malarial pigment. The pigment is 
manufactured by the parasite, and does not give the reaction for 
hemosiderin. The cytoplasm of the erythrocyte shows a fine red 
stippling (Schiiffner’s dots) which is not seen in the quartan and 
estivo-autumnal forms (see colored plate). Asexual division then 
occurs. The nuclear chromatin divides into 18 or 20 fragments (in 
the tertian type), and the cytoplasm is divided so as to surround 
each of these. The new bodies are arranged around the periphery 
of the erythrocyte to form a rosette. The rosette breaks up into a 
number of new individuals or vierozoites, and at the end of forty- 
eight hours these are discharged from the ghostly remains of the 
erythrocyte into the blood stream. This process is repeated in all the 
infected erj'throcytes at practically the same time, and it is the sudden 


EXPLANATION OF PLATE IV.i 

Partly schematic. Drawn and rearrun*«cd by Williams, partly from Muir and Ritchie, 
partly from Kolle and Hetsch and paitly ori^rinal. Giomsa’s stain. 

The asexual forms show cycle of the organism in the red bloo«l cells of the human host. 
They show schematically the time of fever and the day of segmoritation. 

Tertian type. 

Flo. 1. — Segmented organism. 

Flo 2. Young ring form in cell and a young form on surface. 

Fig. S. — Growing schizoiit; irregular form due to great motility; beginning pigment 
formation; red blood cell becoming paler. 

Fig. 4. -Larger schizont. Red cells pale aiul stipplcfl (SchufFner’s dfits). 

Fig. 5. — Nucleus divided into four clumps. 

Flo. b. -P'urther division of chromatin and formation of irregular rosette. Pigment 
fitiely granular in center. 

Fig. 7. - Segmentation. Note IS merozoites (usually 10). 

Quartan type. .Shows following dilTerence.s fiom tertian: Slightly larger, fewer seg- 
ments (usually S), and more regular. Pigment coarse. Red blood cells unaltered. Seg- 
mentation every seventy-two hours. 

MaXign/inl tertian type. Shows following difTereiitial points: Merozoites smaller and 
more numerous (32); organism loss motile with U»ss pigment. Red blood cells smaller 
and grf^nisli color (in fresh cells). 

Sexual forms. Show cycle of development in mos(juito. 

Fig. 1 {A to E ). — Male (cT) and female (9> forms of tertian typo formed in human 
blood; F, flagellation of male type in stomach »>f mosquito; G, //, changes in female type 
and fertilization in stomach of mosquito. 

Fig. 2. — Development of spfirocyst within mr>scjuitn. Liberation of sporozoites which 
find their way to the salivary gland. 

Fig. 3. — Sexual forms of malignant tertian type found in human blood, showing 
development of sicklij-shaped Ixidies. 

* From Park and Williams: Pathogenic Microorganisms. 
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outpouring of foreign protein into the blood which is the cause of the 
chill and fever. Each merozoite now becomes attached to and enters 
a fresh erythrocyte, and the whole process is repeated. It is evident 
that a profound anemia may be produced in this way. 

Sexual Stages.— Some of the merozoites develop into parent sexual 
cells OT gam etocytes which are set apart for sexual reproduction. In 
the malignant tertian type these have a characteristic crescentic form. 
If the gametocytes are taken into the stomach of the female anopheles 
mosquito they enter upon the sexual stage of the life cycle. The 
gametocytes are male and female. From the male gametocytes are 
protruded a number of whip-like bodies resembling spermatozoa. These 
are detached and form the male gametes. The female gametocyte loses 
some nuclear chromatin and becomes the female gamete. ()ne male 
gamete then enters a female gamete and conjugation takes place. 
The impregnated cell is called a zygote. The zygote burrows through 
the epithelium of the gut and forms a cyst within which the nucleus 
divides into hundreds of rod-like bodies, the sporozoites. The entire 
process occupies about twelve days. The sporozoites make their way 
to the salivary glands, and when the mosquito bites a person they are 
injected into the blood stream, where the asexual cycle is once more 
repeated. 

The sexual cycle is needed for the rejuvenation and continued 
existence of the parasites. But without the assistance of this phase 
they may live in the internal organs (chieHy the spleen) of the patient 
for months or even years without giving rise to symptoms. He may 
move to a temperate country where there are no mosquitoes, quite 
unconscious that he is still a sufferer from the disease. Then an ex- 
posure to cold or some lowering of the vitality may bring on a typical 
pyrexial attack with numcnnis parasites in the peripheral blood stream. 

Morbid Anatomy. —At autopsy the two most striking changes are 
a slate-colored or blackislT^pigmentation ()f the abdominal organs 
and great enlargement of the spleen. The discoloration is due to 
malarial pigment which resembles mejanin. in. color. It contains iron 
but does 7idt give the Prussian blue reaction. The spleen is very 
large, and in acute cases it is extremely soft and diffluent, but in 
chronic cases it becomes very hard. ]\licroscopically the parasites 
are seen in the capillaries and there are great deposits both of malarial 
pigment and hemosiderin. In the occasional acutely fatal case the 
capillaries are stuffed with parasites. This is best seen in the brain, 
where the condition may be responsible for coma. Microscopically 
there is widespread vascular injury, evidenced by fatty degeneration of 
the endothelium, ring hemorrhages in the brain, and hemorrhagic 
necrotizing lesions in the myocardium, adrenals, etc. The capillaries 
of the brain are stuffed with parasitized red corpuscles (Fig. 83), a 
condition w^hich may result in coma. A fundamental feature of the 
disease is a marked slowing of the capillary circulation, especially in 
the brain. This is due to an altered physical quality of the parasitized 
red corpuscles, which, particularly in the subtertian form, become 
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sticky and adhere to the vessel walls. As a result of this the red cells 
become agglutinated and form capillary thrombi. Thjere is moreover 
“blocking*’ of the reticulo-endothelial system by the liberated pigment. 
The pigment deposits are most marked in the spleen, liver, and bone- 
marrow, much of the pigment being within the swollen reticulo-endo- 
thelial cells of these organs. In the late stages the spleen may be 
greatly fibrosed. The enlarged spleen may be ruptured even by slight 
trauma, a point of medico-legal importance. 

Blackwater Fever.— Blackwater fever is a complication of malignant tertain 
malaria characterized by the passage of red or almost black urine. In severe 
cases death is the rule. There is a rapid and massive destruction of red blood 
cells, which may fall as much as 2,000,000 in number in twenty-four hours. 
The result is hemoglobinemia, hemoglobinuria, intense jaundice, anuria, and 
frequently death. Methemoglobin is responsible for the very dark color of 
the urine. The spleen is greatly enlarged, bright red and velv’^ety. The admin- 
istration of quinine may precipitate an attack. Blackwater fever appears to 
be an allergic response to reinfection with the parasite of malignant tertian. 

Most people develop a certain 
degree of immunity, but a few 
become allergic. Injection of a 
suspension of ground-up parasites 
into the skin of such persons pro- 
duces an allergic reaction. Qui- 
nine liberates the allergen from 
the parasites. The acute mani- 
festations are in the nature of 
anaphylactic attacks. 


Flo. 83. — Parasitized red cells in capillaries Fig. 84. — Trypanosoma gambiense. 

of the brain. X 1000. X 1500. 

Trsnpanosomes.— Trypanosomes are spindle-shaped protozoan para- 
sites characterized by a macronucleus and a micronuclcus, an undulat- 
ing membrane, and a flagellum. (Fig. 84.) They therefore belong to 
the group of the flagellates, and vary in length from 10 to 30 microns. 
The macronucleus is in the center of the parasite, while the micro- 
nucleus is a small mass of chromatin at one end. The undulating 
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membrane is a wavy structure which runs like a fin along the length of 
the parasite. The flagellum arises from the micronucleus, passes along 
the undulating membrane, and is prolonged as a free structure which 
waves about so that the parasites are actively motile. Sexual develop- 
ment occurs in an invertebrate host, the tsetse fly, which transmits 
the infection from one person to another. Asexual reproduction is by 
means of longitudinal division in the blood of the intermediate host, 
i. e.f man and many wild animals. There are many varieties of try- 
panosomes and many tsetse flies, but only two are concerned in the- 
production of serious disease. Trypanosomiasis, the disease caused by 
trypanosomes, is confined to tropical Africa. 

Animal Trypanosomiasis (Nagana). — This is caused by Trypanosoma 
brucei (named after Sir David Bruce who discovered it), and the inter- 
mediate host is the tsetse fly, Glossina morsitans. The wild animals 
(deer, etc.) act as a reservoir for the infection, although they suffer 
no symptoms, but when domestic animals (horses, cattle) are taken 
into the fly belt they are at once infected and the disease is extremely 
fatal. 

Human Trypanosomiasis (African Sleeping Sickness). —The hiunan 
disease is caused by Trypanosoma gambiense (called after the (Tambia 
River in which district the fever is prevalent), and is carried by the 
tsetse fly, Glossina palpalis. The trypanosomes live in the blood, caus- 
ing fever, weakness, emaciation, and enlargement of the cer\'ical and 
other lymph nodes. It is only later that they invade the central nervous 
system and cause true sleeping sickness with its characteristic lethargy 
and coma. The trypanosomes are found in the blood during attacks 
of fever, in the lymph nodes at any time, and in the cerebrospinal fluid 
when symptoms of sleeping sickness have developed. The brain lesions 
are foci of round-cell perivascular infiltration much like those of general 
paresis of the insane. 

Chagas' Disease. -Chagas' disease is a form of trypanosomiasis occurring 
in South America. Unlike the African form these trypanosomes (Trypanosoma 
cruzi) penetrate the tissue cells, lose their flagellum, and develop into round 
leishmania-like bodies about 4 microns in diameter which divide repeatedly 
and fill the cell. After this intracellular multiplication the rounded bodies 
develop a flagellum and emerge in the circulation. Various bugs constitute the 
definitive host. The symptoms of Chagas' disease depend upon the organs 
the cells of which are penetrated by the parasites, e, g., heart, brain (neuroglia 
cells), kidney, adrenal, thyroid. The general symptoms include anemia, 
enlarged lymph nodes, and fever. 

Leishmaniasis. —This tropical disease is caused by the Leishmania group of 
flagellates, i. e., a parasite which may lose its flagellum and develop into a 
small, round or oval body about one-half the size of a red blood cell, contain- 
ing two nuclear bodies, one much smaller than the other, which stain red with 
the T^eishman and other Romanowsky stains. Only the leishmania form occurs 
in man, the flagellate form being found in the gut of certain insects which 
have fed on an infected patient, or in culture of his infected blood. Leish- 
maniasis occurs in two clinical forms, visceral and cutaneous. 

Visceral leishmaniasis j commonly known as kala-azar, is caused by Leish- 
mania donovani. It is characterized by extreme enlargement of the spleen, 
moderate enlargement of the liver, progressive anemia and marked leuco- 
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penia. It is one of the most important causes of splenomegaly in the tropics. 
The disease is prevalent among children and young adults in India, China, 
and the Mediterranean countries. The parasites crowd the rqticulo-cndothelial 
cells of the spleen, liver, and bone-marrow, but are extremely difficult to find 
in the blood. They are readily demonstrated in smears made from a splenic 
puncture, being both intracellular and extracellular. (Fig. 85.) The paravsites 
develop in the gut of the sand-fly (Phlebotomus) but it is not certain what 
part that insect plays in conveying infection. Smears from the nasal cavities 
and tonsils of patients show Lei shm an- Donovan bodies, the tonsils being 
massively infected. This is probably an important method of transmission, 
perhaps the most ijnportant. 

Cutaneous leishmaniasis, known 


also as oriental sore, Delhi boil, 
Aleppo boil, etc., occurs not onl}’ in 
the regions where the visceral form 
is prevalent, but also in Central and 
South America. The parasite is 
morphologically and culturally iden- 
tical with L. (ionovani. The lesion, 
which is geiierally single, fakes the 
form of a chronic sore which heals 
spontaneously in the course of a 
year. It consists of a dense accum- 
ulation of histiocytes which contain 
large numbers of Lcishmania. 




Fig. So 


Fig. 80 


‘Fig. 8.5. --Leisliin.inia. 1, Individual parasite; 2, mass of parasites in a macrophage; 
3, flagc'llatf? form, (ilhicklock and Southwell, llumari ParU'^itology, 11. K. Lewis & Co.) 

Fig. Sf). - Roticulo-cndothelial cells of lymi>h node parked with histoplasnia capsula- 
tum. X 510. (From a section of Dr. W. A. D. Anderson.) 


Histoptosmosis.— Thi.s is a rare, usually fatal fungus infection caused by a 
yeast, Histoplasma capsulatum. The organi.sm is of about the same size and 
appearance as the liCishman-Donovan bodies of Kala-azar, but it is a fungus, 
not a protozodn. In the body the fungu.s occurs as a yeast-like form; when 
grown outside the body it a.ssumes a mycelial form. It has never been found 
occurring naturally outside the body. The dieea.se was first described by 
Darling in 1906, and the titles of his two paficrs summarize many of the 
essential features: “A protozodn general infection producing pseudo-tubercles 
in the lungs and focal necrosis in the liver, spleen and lymjjh nodes, and “A 
fatal infectious disease resembling kala-azar.'* The lesions, which arc wide- 
spread anatomically, arc granulomatous in type, sometimes tubercle-like, with 
areas of necrosis. Tl)e reticulo-endotheJial cells, which are greatly swollen, are 
crowded with para.sites (Fig. 86), and the mononuclear cells of the peripheral 
blood may show a .similar appearance. A diagnosis may be made from biopsy 
of a lymph node, and the fungus can be cultured from the blood. Fever, 
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anemia, leucopenia and splenomegaly are prominent features of the clinical 
picture. An intradermal skin reaction with histoplasmin, an antigen derived 
from Histoplasma capsulatum, has been developed. Through epidemiological 
studies with this test it now appears that many of the cases of ])uhnonary 
calcification in non-tuberculin reactions may bo due to mild or subclinical 
histoplasmosis. The reliability of the reaction, however, has not yet been 
fully determined. 

Toxoplasmosis.- This disease is caused l^y a protozoan parasite, Toxoplasma, 
of crescentic shape, and measuring 7 microns in length and from 2 to 4 microns 
in width, although in sections of fixed tissues they may be considerably smaller. 
The parasite is of wide distribution in animals, occurring in the dog, moiise^ 
rat,, rabbit, etc. Very few human cases have been reported, mo.stly in infants. 
Infection is probably accpiired by man from infected animals. In infants 
transmission appears to be from the mother, although she shows no evidence 
of the disease. 

In infants the chief lesion is an encephalitis. Microscopically small necrotic 
and granulomatous lesions are found, the nerve cells being crowded with the 
parasites. In adults the lungs show foci of consolidation, the cells lining the 
alveoli being swollen and filled with parasites, whilst the alveolar spaces are 
occupied by an exudate of mononuclear cells. The blood contains neutralizing 
antibodies. The infection can be transmitted from the human lesions to experi- 
mental animals. 

- WORMS OR HELMINTHS 

The parasitic worms may be divided into flat worms and round 
worms. The flat worms are subdivided into flukes and tapeworms. 
Only the more important of tlie disease-producing worms will be 
considered. 

Flukes. - 'The flukes arc small, flat, leaf-shaped, iinsegmented worms. 
Idvcr flukes are common parasites of sheep and cattle, lix ing in the 
bile ducts and producing inflammation of the liver. Infestation of the 
liver in man is very pre\ alent in China, where it is caused by Clonorchis 
sinensis (Chinese li\’er fluke) (Fig. 87). Fasciola hcpatica (sheep li\ er 
fluke) is met with in sheep-raising countries. The lung fluke (I)isto- 
mum pulmonis) is a common parasite in China and Japan where it is an 
important cause of hemoptysis; the ova are found in the blood-stained 
sputum. 

Bilharzia Haematobia.— This, also known as Distomum haematobium 
and Schistosoma luematobium, is the most important of the flukes. 
It causes widcs])rcad disease in Egypt and other parts of Africa. The 
population of Egypt is 12,(K)0,()(X); (>,(KK),()00 ol these are infected, and 
1,()(K),()00 arc bed-ridden owing to the disease. The adult worms, only 
1 cm. long, live in the hepatic veins wdierc they do no harm. The 
mature female migrates to thf' pelvic veins and the eggs are laid in 
the wall (jf the bladder and the rectum. The ova are pro^*ided with 
a sharp spine Avhich causes great irritation of the mucosa of the bladder 
and rectum. Chronic cystitis and hematuria result. Polypoid masses 
are formed in the bladder, and these may become the starting-point 
of carcinoma. Tlie ova are discharged in the urine and can be readily 
recognized by the characteristic spine. Pulmonary lesions are found in 
some 33 per cent of oases (Shaw and Gharceb). The ova become im- 
pacted in the pulmonary arterioles, causing an acute necrotizing arterio- 



224 


DISEASES CAUSED BY ANIMAL PARASITES 


litis, as a result of which the ova escape into the lung and produce a 
parenchymatous tubercle. In the great majority of cases only a few 
ova reach the lungs, and only a few tubercles are formed. When the 
infestation is heavy there may be an obliterative arteriolitis, which in 
rare cases gives a clinical picture of Ayerza’s disease with death from 
congestive heart failure. A water snail appears to be the intermediate 
host, and the active embryos which escape from the snail can penetrate 
the skin of persons while bathing. 

Cestodes or Tapeworms.— There are four tapeworms of importance 
in human pathology. 



Fig. 87. — Clonorchis Fig. 88. — Strobila of Taenia aaginata, 

sinensis. Two-thirds natural size. (After Leuckart, 

Parasiten des Menschen.) 

Three of these pass an adult stage in the intestine of man and a cystic 
stage in an intermediate host. They are known as the beef tapeworm 
(Taenia saginata), the pork tapeworm (Taenia solium), and the fish 
tapeworm (Diphyllobothrium latum). The fourth (Taenia echino- 
coccus) passes the cystic stage in man (the intermediate host) and the 
adult stage in the dog; this is the one which causes hydatid disease, 
and is the only really dangerous member of the group. 

Taenia Saginata (Taenia Mediocanellata).— The beef tapeworm is 
the common tapeworm of the United States and Canada. It is the 
largest tapeworm and it has the largest intermediate host. It consists 
of a tiny head or scolex and segments or proglottides. (Fig. 88.) 
The head is 2 mm. in diameter and possesses four suckers by which it 
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adheres to the intestinal mucosa. It has no hooks. The worm may 
be 30 feet long and possess some 2000 proglottides. The proglottides 
are crowded with eggs, and as these become mature the segments break 
off and are discharged in the feces. When taken up by cattle the 
ova develop into embryos which migrate to the muscles and there 
develop into cysticerci. If the beef from an infected cow is eaten 
imperfectly cooked or in a raw state human infection will result. The 
diagnosis is made by finding the segments in the feces. The worm, 
which is usually single, causes wonderfully little disturbance in spite of 
its great length. 



Fia. 89. — Cystioorcus celliilosoB showiiiK continuity of epithelium on surface and that 

lining body canal. X 22. 


tsenia Solium. — The pork tapeworm is much rarer than Ta;nia sagi- 
nata. It is usually under 10 feet in length and resembles Toenia 
saginata. The hejid, however, is armed with a double row of hooks. 
Generally only one worm is found {solium means single), but in a few 
instances there may be two or three. The pig is the intermediate host, 
its muscles contain large numbers of cysticereus cellulosse, and man is 
infected by eating imperfectly cooked “measly” pork. The eggs may 
be swallowed owing to self-infection and occasionally the embryos 
invade the b<idy and develop into the larval cystic form, man thus 
acting as the intermediate host. This does not occur with Tsenia 
saginata. The cysticereus cellulosse thus formed may be present in 
large nmnbers in the brain, meninges, eye, muscles, and other organs. 
The larval worm is inverted and the epithelium of the highly tortuous 
canal of the body becomes continuous with epidermis covering the 
outside of the cyst. (Fig. 89.) MacArthur has sho\vn that many 
soldiers who develop idiopathic epilepsy some years after serving in 
15 
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the tropics are really sufferers from cerebral cysticercosis. In the 
Millbank Military Hospital in London there were 20 cases in one year. 
The parasites may be present for years before symptoms develop, for 
they are tolerated while alive, but act as foreign irritants when they 
die. They become calcified, and can be seen in radiographs of the mus- 
cles. As a rule there is no history of intestinal infection in these cases 
of cerebral cysticercosis cellulosse. 

Diphyllobothrium Latum (Bothriocephalus Latus).~The fish tape- 
worm has from 3000 to 4000 segments filled with eggs. The eggs are 
discharged from the ripe proglottides, but only empty and shrivelled 
segments are shed, in this respect differing from the other two tape- 
worms. It follows that in stool examinations the presence of ripe 
segments indicates Tienia saginata or Taenia solium, the presence of 
eggs indicates Diphyllobothrium latum. The average output of eggs 
in the stool per day is 1,0(X),000. The tiny head is flattened and does 
not possess suckers or hooks but is provided with two longitudinal 
suctorial grooves. When the ova are discharged they develop into 
free-swimming larvae and these are taken up by small water crustaceie 
which are in turn devoured by some of the larger fish (pike, perch, etc.), 
where they invade the muscles and pass into the cysticercus stage. 

The geographical distribution is important. It used to be found 
principally among the fish-eating peoples in the Scandinavian countries, 
Russia, and in parts of Asia, but lately it has been imported into the 
United States and Canada, and is now indigenous in the districts 
around the Great Lakes and Lake Winnipeg. The fish in these lakes 
are probably infected from dogs, who also harbor the parasite. . If the 
fish are properly cooked there is no danger. 

A large number of the worms may be found in one person. In 
999 out of KKK) infected persons it is a harmless parasite, provided 
that the patient is unaware of its presence, although a mild hemolytic 
anemia is common. In very exceptional cases the patient may develop 
a severe anemia identical in type with pernicious anemia, but this is 
seldom seen even in fish-eating communities where the infection is 
extremely prevalent; only in Finland is the anemia at all common. 

Tssnia Echinococcus.— This tapeworm is entirely different from the 
others. It is extremely small, measuring only 5 mm. in length, and 
possesses only 3 proglottides. The cystic stage is passed in man and 
many other animals and the adult stage in the intestine of the dog, 
where there may be hundreds of worms. Man therefore serves as the 
intermediate host. Human infection is usually due to eating unboiled 
vegetables soiled by the excreta of dogs. The dogs are infected by 
eating the flesh of infected sheep. Hydatid disease, as the human 
infection is termed, is most prevalent in Australia, South America, 
and other great sheep-raising countries, where dogs and men come intt) 
very close contact. Syria has perhaps the largest incidence. Iceland 
used to be a hot-bed of the disease, but during recent years it has been 
nearly eradicated by hygienic measures. 

When the eggs are swallowed by man they develop into embryos 
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which penetrate the wall of the bowel and are carried in the portal 
vein to the liver and through the liver to any other part of the body. 
The embryos form larval cysts (hydatid cysts) which are naturally 
most common in the liver and mesentery. The cyst consists of two 
layers. The outer layer o r ectocyst is white and presents a character- 
istic laminated struc toe like the coats of an qn^^ The inner or 
germinal layer IS granular and ItTs in this material that fluid collects 
so that a cyst is formed. At various points along the germinal layer 
buds arise which become hollowed to form brood capsules in which 
little clusters of new scolices on stalks^ are produced. (Fig. 90.) Some 
of the buds develop into daughter cysts which become detached and 
float in the cavity of the mother cyst. From the lining of the daughter 
cyst new buds may arise which in turn produce new scolices. Each 



Fig. 90. — Stalked scolices of hydatid cyst showing booklets. X 200. 

scolex is provided with 4 suckers and a crown of 30 to 50 booklets. 
The scolex becomes invaginated into its own body in order to preserve 
the booklets from injury, so that the suckers and booklets face inward. 
(Fig. 91.) When the infected material (in the sheep or other inter- 
mediate host) is eaten by a dog the head is evaginated, and the scolices 
become attached to the intestinal wall by their booklets and suckers, 
proceed to form proglottides, and develop into the mature worm. 

The cysts may attain a great size and cause marked enlargement of 
the liver, form masses in the mesentery, etc. The fluid is clear and 
sterile, but contains a toxic substance which may cause attacks of 
urticaria or produce toxic effects if the cysts are ruptured^ during^ re- 
moval. The blood may give a complement-fixation reaction against 
this substance. Intradermal injection of the fluid is said to give a 
specific reaction in cases of hydatid disease. Identification of the cysts 
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is made by finding the characteristic booklets, or by cutting sections of 
the wall and demonstrating the laminated structure of the ectocyst. 
(Fig. 92.) 



Fio. 91. — Scolex of hydatid cyst. A, Invaginated in cyst membrane; B, with evaginated 
booklets and suckers. X 400. (Faust.) 



Fio. 92. — Laminated membrane of hydatid 
cyst. X 200. 


Echinococcus Alyeolaris.— There 
are two forms of echinococcus: E. 
hydatidosus, which has just been 
described, and E. alveolaris or 
multilocularis, a much rarer form. 
The hydatid echinococcus forms 
large cysts filled with fluid, but the 
alveolar echinococcus cysts are 
entirely different, being extremely 
numerous, varying in size from the 
microscopic to that of a grain of 
seed or a pea, and containing 
gelatinous material but as a rule 
no scolices. They cause great en- 
largement of the liver, which at 
autopsy may be mistaken for mucoid 
carcinoma or congenital cystic liver. 
Necrosis may develop, with the for- 
mation of large ragged abscess 
cavities. The microscopic appear- 
ance may closely simulate tubercu- 
osis with necrosis, epithelioid cells 
and giant cells. The disease is 
fairly common in Bavaria, Switz- 
erland, and Russia, but is practi- 
cally unknown in the great hydatid 
countries such as Australia, South 
America, and Iceland. 

Nematodes or Bound Worms. 

-- Alarge variety of round worms 
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may be parasitic for man both in tropical and temperate countries. 
Some of these are pathogenic, others are not. Only six will be con- 
sidered here. 

Ankylostoma Duodenale (Uncinaria Duodenalis).— Ankylostomiasis 
or hookworm disease, like malaria, is one of the most prevalent dis- 
eases in the world. The Rockefeller Commission estimated that there 
were some 900,000,000 cases. The hookworm belt extends round the 
world on either side of the equator. The American variety of the 
worm is slightly different and is called Necator americanus. It is also 
found in temperate climates where the conditions are such that the 
soil is moist and warm as in deep mines, in long tunnels, etc., so that 
hookworm disease is known locally as miners’ anemia, tunnel disease, 
etc., and the skin manifestations are known as ground itch. The 
reason for all this will be apparent shortly. 



Fig. 93. — Section through human intestine, showing method of attachment of hook- 
worm to the wall. (After Oudendal, in Transactions of Fifth Biennial Congress of Far 
Eastern Association, Courtesy of John Bale Sons & Danielsson, Ltd., London.) 


The worm, as its name implies, lives in the upper part of the small 
intestine, although more in the jejunum than the duodenum. Large 
numbers, even hundreds, are found hanging firmly attached to the 
intestinal mucous membrane. It is said that as many as 10,000 have 
been found in one person. The worm is quite small, from 1 to 2 cm. 
in length, and is furnished with four teeth {ankyloSy hooked), and 
a muscular esophagus by means of which the intestinal mucosa is 
drawn into the mouth. (Fig. 93.) The patient develops a profound 
anemia as the result of this heavy infection. This is due to the peculiar 
feeding habits of the hookworm, which draws blood from the mucosa 
of the bowel, pumps it through the alimentary tract, and forces it out 
from the anal orifice, a process which can be watched in the experi- 
mental animal. By means of such a mechanism 10,000 worms can soon 
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relnove a lot of blood. There is marked eosinophilia, a common mani- 
festation of worm infections. The patient becomes weak, apathetic, 
and unable to work. There is markefl evidence of anemia, including 
edema of the face. 

The vwde of infection provides one of those romances which makes 
the study of parasitology so interesting. The worms may live for six 
or seven years in the bowel, but they cannot multiply there. The eggs, 
of which 10,000,000 may be laid at one time, are passed in the feces, 
and if deposited in warm moist soil they develop into active embryos. 
These may be swallowed by another person, but the usual route is 
quite different and much more remarkable. In 1901 Looss, working 
in Egypt, showed that the hookworm sets forth on a veritable Odyssey 
in its effort to reach the small intestine. If w’ct mud containing 
the larvie is rubbed on the skin a burning and itching is soon 



Fi<;. 94. — Hookworm birva Fio. 9.5.“ Hookworm dermatitis, 

(coiled) peiiotratiriK the .skin. (Dove, Am. J. Hygiene.) 

(Stumbeig, Am. .J. Hygiene.) 


experienced, and by the time the mud is dry the active larvae have 
disappeared through the skin leaving their own skins behind them. 
Looss followed their course in a leg about to be amputated. The larvae 
are found tc) penetrate the hair follicle (Fig. 94), and from there they 
bore their way into the lymphatics by which they are carried to the 
venous blood stream or they may penetrate the veins directly. They 
are carried by the venous blood to the right heart and thence via the 
pulmonary artery to the lungs. When large numbers of larvae enter the 
lungs it is common to find bronchitis and traijsient bronchopneumonia. 
In experiments on dogs it was found that the larvae are filtered out of 
the circulation in the lungs, being unable to pass through the pul- 
monary capillaries. They burrow into the air vesicles, enter the 
bronchi, and crawl up the trachea. Having reached the glottis they 
climb over the epiglottis and down the esophagus. The further pas- 
sage through the stomach and into the duodenum is plain sailing. In 
the small intestine they develop into adult worms. How long the 
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larvfie takes to complete their Odyssey it is difficult to say, but as long 
as ten weeks has elapsed between the skin infection and the appear- 
ance of the eggs in the feces. 

Ashford has added an important chapter to the story of the hook- 
worm cycle by describing what he calls the larval stage of uncinariasis. 
He points out that the majority of the larvae which penetrate the 
skin never reach the intestine, but die soon after invasion, as shown 
by the fact that the highest leucocytosis and eosinophilia occur at the 
beginning of the infection. Many other larva* stray from the direct 
path and get hopelessly lost, remaining wanderers in the tissues until 
they perish. At the end of three months there is a sec*ond rise in the 
leucocyte count, due to the end of the natural term of life of the 
larvae. During the larval stage there may be no adult worms in the 
bowel, but the patient suffers from marked lassitude, while his blood 
shows an eosinophilia. The latter, which may reach 60 per cent, 
appears to be due to disintegration of the larvae and absorption of the 
foreign protein. Ashford’s paper will be found extraordinarily inter- 
esting reading. 

It is evident that coolies in coffee plantations, natives working in 
the mud on the banks of the Nile, miners in deep mines, tunnel-work- 
ers, etc., are peculiarly liable to the disease once the ground is heavily 
infected. The '‘ground itch,” an eczematous skin eruption which 
affects those who walk in infected water with bare feet (Kig. 95) is 
merely an indication that the larvfe arc invading the skin. When 
natix e workmen in hookworm areas are compelled to wear shoes the 
incidence of the disease shows a marked falling off. Proper disposal 
of excreta is another factor of prime importance in prevention of the 
disease. The diagnosis is made from the anemia, the eosinophilia and 
the presence of ova in the stools. 

Ascaiis Lumbricoides.— This is the common round xvorm which 
resembles the earthworm, being from 6 to 16 inches long, with tapering 
pointed end and a pearly-white appearance. It is a common inhabi- 
tant of the small intestine, especially in children in whom it may 
produce reflex nervous disturbances; possibly a toxic element may 
also play a part. The worms, of which there are usually several, 
appear in the mouth. They lie free in the lumen of the bowel, and 
are not attached to the wall. Occasionally they are present in enor- 
mous numbers and may form masses which cause intestinal obstruction. 

Although the ascaris is so different from the hookworm, yet parts 
of their life history are not dissimilar. Indeed, the behavior of the 
ascaris is even more strange. The ova develop into embryos in moist 
soil. The freshly passed eggs are not infective, and ten days or more 
must elapse before they are capable of causing infection. The capacity 
of the uterus has been estimated at about 27,000,000 eggs, and the 
average daily output for each female at 200,000. Infection is due to 
the ingestion of developing eggs on uncooked vegetables, etc. When 
the eggs are ingested they hatch into larvie in the intestine. Hut here 
we come to the strange part. The larvie are apparently unable to 
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undergo complete development in the intestine until they have under- 
taken an extra-intestinal migration. They penetrate the wall of the 
intestine and are carried to the right side of the heart either by the 
lymph and blood stream or by the mesenteric veins and inferior vena 
cava. They are filtered out by the lungs, and pass up the trachea and 
down the esophagus into the intestine just as in the case of the hook- 
worm. This strange migration occupies about ten days. In the 
intestine they develop into maturity if they have been derived from 
a hmnan source, but not from the pig. In the latter case they are 
passed out of the body. 

In the pig, on which animal most of the experimental observations 
have been made, large numbers of larvse can be seen in sections of 
the lungs, as well as foci of hemorrhage and inflammation. In man 
the experimental ingestion of mature eggs has been followed in a few 
days by the development of the clinical picture of pneumonia. Koins 
swallowed approximately 2000 eggs; six days later he developed fever, 
chills, headache, malaise, rapid respirations, and a productive cough 
with the blood and larvae (178 in one day) in the sputum. There was 
dulness over the chest and crackling rales. In clinical practice only 
a few eggs are likely to be taken at any one time, so that as a rule 
there are no physical signs. Ashford suggests that, as in ankylosto- 
miasis, the larvae may become lost and wander through the tissues, 
and that the presence of larvae in the meninges may be responsible 
for the convulsions and nervous disorders in young children. 

Oxyuris Vermicularis (Enterobius Vermicularis).— The thread worm or 
pin worm is a very common intestinal parasite, especially in children. 
It is only about 5 mm. long, and when passed in the stools resembles 
a motile piece of white thread. It lives in the lower part of the small 
intestine and the large intestine. The worms may pass out per anum 
and cause intense irritation and itching around the anus and in the 
vagina. A simple diagnostic method is to make a smear from the 
perianal region and examine it for ova, which adhere to the hairs in 
large numbers. In the bowel they usually cause no symptoms, but in 
weakly children they excite reflex nervous disturbances such as con- 
vulsions and enuresis. Masses of thread worms may occupy the lumen 
of the appendix. They may invade the mucosa and cause acute ap- 
pendicitis. There is no intermediate host, and infection is direct from 
contaminated vegetables, fruit, etc. Massive reinfection may occur 
from the child’s contaminated fingers. 

Trichina Spiralis (Trichinella Spiralis).— The disease trichiniasis is 
caused by a tiny round worm, the life history of which presents some 
very interesting features. It passes its complete life cycle in the body 
of one animal, but unless the host be eaten by another animal the 
embryos will all die. Surely a curious arrangement to have been 
evolved by a worm, but apparently a satisfactory one. 

The parasite infects a variety of animals, in particular the rat, the 
pig, and man. Man becomes infected by eating the pig, and the pig 
is infected by eating the rat. Thus the life cycle is continued, but it 
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comes to an end with man. Epidemics occur, particularly in Germany, 
from eating imperfectly cooked pork in sausages, etc. The embryos 
ingested in the infected pork develop into adult male and female worms, 
in the intestine. These are very tiny, from 1 to 3 mm. long. After 
copulation the males die and the females burrow into the intestinal 
villi. The ova develop into embryos within the uterus of the worm, 
and the embryos are then discharged into the lymphatics. One 
female may discharge from 1000 to 1500 embryos in this way. The 
embryos enter the blood stream, and as their diameter is smaller than 
that of a red blood cell (6 microns broad though 100 microns long), 
they pass through the lungs and are carried to all parts of the body. 
During the stage of invasion they can 
be found in the blood if it is laked 
and in the cerebrospinal fluid. They 
are actively motile, and penetrate the 
capillaries to invade the various organs. 

But they can only develop in the 
voluntary muscles and die out else- 
where, even in the heart. Every 
muscle in the body may be infected 
and yet the heart always escapes. 

Even it is probably infected at the 
beginning as indicated by the frequent 
presence of inflammatory foci, but the 
young embryos are apparently killed 
and disappear at an early stage. 

Each embryo now enters a muscle 
fiber and undergoes partial development 
toward an adult worm, but full devel- 
opment is not possible unless the para- 
site finds itself in the digestive canal of 
another animal. The muscle fiber de- 
generates and loses its transverse stri- 
ations. The embryos are found in the 
muscles as early as the ninth day after 
infection. They set up an acute myo- 
sitis with infiltration of polymorphonuclears, eosinophils, lymphocytes, 
and giant ceils. At first the long axis of the embryo is parallel to 
that of the muscle fiber, but by the end of the second week it becomes 
coiled up, encysted, and surrounds itself with a thick hyaline capsule. 
(Fig. 96.) Later this may become calcified. The encysted embryos 
are lemon-shaped, with the long axis in the direction of the muscle 
fibers. The embryos may remain alive for years awaiting the chance 
to complete their development in another animal. The life cycle is 
exactly the same in the pig. When the encysted embryos are swallowed 
by man the capsule is dissolved by the digestive juices, the embryos 
are liberated, and may attain maturity in a couple of days, when the 
whole process is repeated. 
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SympUms,— The symptoms of trichiniasis occur during the period of 
invasion and are partly due to the irritation in the intestine, partly to 
the acute myositis. The muscles are hard and swollen and often 
extremely painful. Edema is usually present and is often marked in 
the face. Fever is a common symptom and may last for days or weeks. 
The severe cases are easily mistaken for typhoid fever, especially 
when there is diarrhea, but the leucocytes are increased in number 
and there is a marked and very characteristic eosinophilia, sometimes 
over 50 per cent. The eosinophilia usually disappears, but may persist 
for years. Convalescence sets in about the sixth week, but death may 
occur earlier from paralysis of the respiratory muscles. ]\Iany cases 
die in the early stage of the infection, apparently from the intense 
irritation in the wall of the intestine. The intradermal injection of a 
saline extract of trichina larvse gives a positive reaction in about 
90 per cent of cases after several weeks of infection. A positive reac- 
tion maj^ still be obtained several years after the acute attack. 

Filaria.— Filariasis is an infection by a nematode worm in which the 
adult worm lives in the lymphatics while the larvte travel in the blood. 
It is a disease of tropical countries. There are several varieties of 
filaria, the most important being Filaria bancrofti, the larval or micro- 
filarial form of which is known as Filaria sanguinis hominis. This 
parasite is of great historical interest, because it was in connection 
with it that Manson showed for the first time the part which the mos- 
quito plays in the transmission of disease. It was Manson’s work which 
suggested to Ross that malaria might also be conveyed by a mosquito, 
even though the infecting agents were so very differcnt~-the one a 
nematode w’orm, the other a protozoan parasite. 

The life history and habits of the filaria are remarkable even for an 
animal parasite. The adult worm lives in the lymphatics, especially 
those of the groin and pelvis. It is from 0.5 to 1 cm. in length and 
extremely thin. The male and female live together, and the ova 
develop in the uterus of the female into active larvae. These arc little 
eel-like bodies with a diameter no greater than that of a red blood 
corpuscle, so that they can pass through the smallest capillaries. Their 
most extraordinary characteristic is their periodicity, for they only 
appear in the peripheral circulation at night, hiding in the vessels of 
the lung and the large thoracic vessels during the day. Their appear- 
ance synchronizes with the evening appearance of the mosquitoes, for 
they can only attain maturity in the body of that insect. One wonders 
how such an arrangement w^as first started. If the patient sleeps 
during the day and is kept aw’^ake during the night the larvae are 
deceived and come out by day, so that the mosquitoes are disappointed. 
The larvae do the patient no harm. This nocturnal periodicity may go 
on for years, the larcae patiently awaiting the coming of the mosquito. 

Lane points out that the usual explanation of filarial periodicity is 
not to be lightly accepted, for the hiding ]>lace of the larvae by day 
has never been demonstrated, and it seems unlikely that they can 
maintain themselves in position in the large vessels of the thorax 
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against the strong current of blood. lie suggests that there may be 
a daily cyclical parturition by the females, and that the microfilariae 
perish rapidly. This view is supported by the observations of O’Connor 
who made serial sections of lymphatic tissue containing worms excised 
at operation. One extraordinary fact was brought to light. When the 
worms were removed before mid-day the turgid female was found to 
be crammed with mi<!rofilariae, but after 2 p.m. the females were col- 
lapsed and empty. All the living female worms from the same patient 
showed the same stage of development of the sex cycle. In a volunteer' 
720,000 microfilariae were injected into the blood stream; all were gone 
ill the space of two hours. Destruction apparently takes place chiefly 
in the lymph nodes. 



Fio. 97. — Extreme degree of olepTiantiasis of scrotum in African negroes. 


The rnosqmto, usually a member of the genus culex, bites an infected 
person, and the lar\’a? pass with the blood into its stomach. They 
penetrate the stomach ^^all and lodge in the thoracic muscles. Here 
they develop into young worms which make their way to the base 
of the proboscis and await injection into man, where sexual devel- 
opment may be attained and reproduction take place. The parasite 
is not actually injected by the mosquito but is deposited close to the 
hole in the skin made by the proboscis, and through this hole it pene- 
trates the skin. It is said that the worms often pass out in pairs— 
probably male and female. They pass to the lymphatics, become 
mature, larvae are liberated into the blood, and the cycle is complete. 

Pathological Effect<t. --There may be none, though the patient may 
have larva? in his blood for \'ears. Tlie adult worms are apt to produce 
lymphatic obstruction, especially if they are present in masses, and above 
all if they die and disintegrate. The obstruction causes varicosity of 
the superficial vessels and lymphatic edema. The regional lymph 
nodes are enlarged, their sinuses being distended with lymph. Ele- 
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phantiasis may develop. This is a condition in which the tissues 
become enormously thickened and indurated. The legs and scrotum 
are the parts commonly affected. (Fig. 97.) It is probable that 
lymphatic obstruction alone will not give rise to elephantiasis, but 
that infection and lymphangitis must be superadded. The abdom- 
inal lymphatics may rupture, especially if there is obstruction of the 
thoracic duct, and lymph escapes into the peritoneal cavity giving 
chylous ascites. If the renal or vesical lymphatics are obstructed there 
may be chyluria. The patient may show small subcutaneous nodules 
not necessarily associated with edema. These represent an inflamma- 
tory reaction around a coiled-up worm. I have seen such a nodule 
removed from the arm under the impression that it was a thrombosed 
vein. (Fig. 98.) 



Fig. 98. — Filaria in a small vessel. X 40. and Chalmers, Tropical Medicine.) 


Dracunculus Medinensis {Filaria Medinensis, Cmnea-wor7n).—T\m 
parasite of tropical countries, commonly known as the guinea-worm, 
is surpassed by none of its relations in peculiarity of behavior. As usual 
the male is insignificant, but the female is long and very thin; the 
average length is 50 to 80 cm., but it may reach I J meters. The 
intestinal canal is atrophic and the anus absent, but the uterus, 
crowded with larvae, runs almost the entire length of the worm. The 
larv'ee have to be discharged into water, and the female finds the neces- 
sary water with a certainty which a water-diviner might envy. The 
worm works its way through the tissues until it reaches a surface. 
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As the natives go bare-footed, the worm usually makes its appearance 
on the sole of the foot, but it appears in upper extremities of Europeans, 
where water is more often in contact with the hands and arms, and 
on the backs of water-carriers whose water-skin is slung over that part. 
The passage down the leg may take as much as eighteen months. 
The head of the worm pierces the surface with the formation of a small 
blister, and when water is poured on the skin enormous numbers of 
larvfle are discharged from the greatly distended uterus so that the 
fluid becomes milky. The larvae are taken up by a fresh-water crusta^ 
ceari belonging to the genus Cyclops, in which they pass through a 
necessary stage of development before being ingested by man. It is 
for this reason that the worm has to make for water, however long the 
journey may be. 

If the worm dies or if the larvae are liberated into the tissues as the 
result of injudicious attempts at removal, there may be severe inflam- 
mation and abscess formation. The natives have an ingenious method 
of persuading the worm to leave its habitat. They pour water on the 
foot, and in the resulting effort of parturition the worm is induced to 
emerge on the surface. The protruding part is wound round a small 
stick and the treatment is repeated at intervals, the stick being given 
an additional twist on each occasion. By this simple means as the 
result of patience and perseverance the worm can finally be completely 
removed. (Fig. 99.) It has been suggested that these worms were 
the “fiery serpents” which afflicted the Children of Israel in the migra- 
tion from Egypt, and that Moses was the first in history to demonstrate 
the classical method of removal by Avinding the “serpent” on a rod 
gradually drawing it out. He made a model in brass of the procedure. 

EXTERNAL PARASITES. ARTHROPODS 

Some of the more common of these will be merely mentioned. For detailed 
description the reader is referred to works on skin diseases and parasitology. 
A few of the external parasites are of importance not only because of the 
irritation they produce but because of the much more serious diseases which 
they may be the means of carrving. The commonest skin parasites are “itch 
insect” causing scabies, lice and fleas. 

Acarus Scabiei. -The “itch insect” which causes scabies is shaped like a 
turtle and about 0.5 mm. long. (Fig. 100.) The impregnated female bores a 
tunnel into the skin, laying her eggs at the end of the tunnel where the young 
are hatched. These in turn bore new tunnels. The male remains quietly on 
the surface and causes no trouble. The symptoms of scabies depend on the 
irritation produced by the burroAving female. The burroAA^s take the form of 
curved dark lines, and are most common between the fingers, at the Avrists, 
in the axillae, etc. Vesicles may form at the entrance to the burroAvs and these 
are often infected by the scratching induced by the intense itching. 

Pediculi. — A variety of pediculi or lice may infest the body. Pedicidu^ 
capitis f the head louse, lies on the scalp. (Fig. 101.) The ova or “nits” are 
minute white bodies which can be seen attached to the hairs. They hatch 
out in about a Aveek. P. corporis, the body louse, lives on the surface of the 
skin and breeds in the clothing. By its bites it causes great irritation of the 
skin, and the itching causes scratching with subsequent infection. The body 
louse is responsible for carrying the infection of typhus fever, relapsing fever, 
and trench Wer. It does this in the same way as the mosquito, i. c., by biting 
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first a sick man and then a healthy person. P. pvbis is found especially in the 
pubic region. 

Fleas.— PiiZcj; irritam is the common flea, a wingless insect 2 to 4 mm. long. 
P. ckeojnsy the rat flea, is of importance because it conveys plague not only 
from one rat to another but also from rat to man. 


Flies.— The body tissues or cavities 
may be infested with the larvae (mag- 
gots) of certain flies, a condition known 
as myiasis. The eggs may be laid in 
the nasal cavities, wounds, etc., where 
they develop into maggots. One type 
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Fiq. 100. — Acarus scabici. X 75. 



Fig. 101.— Pediculus capitis. X 30. 


of larva tunnels about in the skin, causing the condition called “creeping 
eruption.” This condition may, however, be produ(;ed in other ways. In the 
Southern United States probably the commonest cause is the larva of Ancy- 
lostoma braziliense. 
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CHAPTER IX 


GROWTH AND ITS DISORDERS 

Growth is the most fundamental of all physiological functions. It 
is brought about by multiplication of cells, not by increase in their 
size. There is little difference in size between the cells of a mouse and 
the cells of an elephant; the difference is one of number. In the same 
way the cells of a cancer may be actually smaller than those of the 
tissue from which it arises. The cells of any given species of animal 
have a strictly limited power of multiplication. When this limit is 
reached the growth of the animal ceases. This it is which determines 
the size of animals, so that all members of one species are of approxi- 
mately the same size, no matter how the external conditions may vary. 
To this rule the fishes offer an exception, for the members of a species, 
such as trout, may greatly increase in size when placed in a more suit- 
able environment. Growth is brought about by the change of non- 
living into living material. All dead matter is potentially living, and 
we see the transformation of dead into living matter going on cease- 
lessly. “The molecules of the dead world are waiting to be delivered 
from the bonds of death,^^ as Lorrain Smith remarks in a delightful 
monograph which should be consulted by anyone interested in the 
subject of growth. He points out that theoretically the whole inorganic 
substance of the material world might be converted into living sub- 
stance by the substance already living. 

Cells not only grow (multipljO ; they also differentiate. Now differ- 
entiation and growth are mutually antagonistic, and this is a profound 
biological principle. Differentiation depends on environment. Unless 
cells are compelled by their environment to differentiate they will 
feed, grow and multiply forever without doing any physiological work, 
thus resembling human beings. Division and function are not possible 
at the same time. The more highly differentiated a cell becomes, the 
more does it lose its power of reproduction, and therefore its ability 
to give rise to tumor formation; this is seen in the case of striated 
muscle, nerve cells, red blood cells, etc. Cancer cells fail to differen- 
tiate; instead they continue to grow. As Lorrain Smith says, they 
do not fall into the normal procession. They fall out. They do not 
keep step; the procession is moving slowly and they move fast. Under 
normal conditions the cells of the basal layer of the epidermis divide 
into two; one remains as a basal cell, while the other differentiates as 
a prickle-cell. In basal-cell cancer all the basal cells retain their 
original character. 

Tissue Culture. —One of the most remarkable feats in modem biology 
is the cultivation of the cells of the animal body under artificial con- 
( 240 ) 



GROWTH AND ITS DISORDERS 


241 


ditions, first accomplished by Harrison in 1907. The cells of a dead 
body may be made to live, multiply and grow indefinitely. The con- 
ditions for the study of growth may be greatly simplified by this 
method, but it must be realized that this simplification is highly arti- 
ficial, and the conditions are entirely different from those which 
govern growth when the cells are in their natural environment. A 
malignant tumor of connective tissue may be indistinguishable from 
normal connective tissue in artificial culture, for both will grow indefi- 
nitely, but if they are planted again in the body the difference at once 
becomes apparent. The influence of environment is all-important. 
At the same time the method of simplification, itself a tour de forces 
has yielded interesting and valuable information. 

In tissue culture we find a perfect dissociation of growth from 
differentiation. There is no work to be done, so the cells merely pro- 
liferate. One startling result is that in the case of at least one tissue 
the mortal cell has ''put on immortality.^' As long as fresh food is 
provided it can grow and multiply forever. In 1911 a culture of 
fibroblasts from the embryonic heart of a chick was commenced at the 
Rockefeller Institute, and it is still growing at the same rate at which 
it started. This tissue has long outdistanced the possible span of life 
of the animal from which it was taken; it does not grow old, as those 
that are left grow old. It would appear, therefore, that senescence is 
dependent on environment rather than on the cell itself. 

In spite of the fundamental difference between grow^th in the body 
and growth in vitro, some of the basic properties of cells can be studied 
by this method, as in the work of Carrel and others on the fibroblast 
and the macrophage. Carrel found that fibroblasts never grow as 
isolated units, but maintain intimate contact with one another so as 
to form dense tissue. Indeed they will not proliferate if separated 
from their neighbors. Macrophages, on the other hand, live as inde- 
pendent units, and die if they congregate in dense masses. By the 
method of tissue culture Carrel and Ebeling showed that the mono- 
cytes of the blood and the macrophages of the tissue are merely func- 
tional variations of a single type. When both are cultivated they 
assume an identical appearance. Macrophages can feed on blood 
serum, but die in pure embryonic juice. Fibroblasts, on the other hand, 
thrive in embryonic juice, but stop multiplying in blood serum unless 
supplied with growth-stimulating substances. These substances, called 
by Carrel trephones, are present in embryonic juice, and also in spleen, 
leucocytes, and inflammatory tissue. When cultures of fibroblasts and 
splenic tissue are made a short distance apart in medium containing 
no embryonic juice, the fibroblasts fail to grow until the lymphocji;es 
from the spleen reach them; then they grow readily. As might be 
expected, embryonic tissue grows readily in artificial culture, but adult 
tissue only with difficulty. Tissues vary greatly in their power of 
growth in culture. The fibroblast grows most readily, and is the only 
cell which shows evidence of immortality. When a culture is made of 
embryonic heart it is the fibroblasts which grow, the muscle cells die. 

16 
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In this way a pure culture can be obtained. Cultivation of the cells 
of the blood gives a pure culture of monocytes. Epithelium grows 
well for a time, but after some months it degenerates and dies. The 
power of embryonic tissue to grow in artificial culture is sometimes 
remarkable. Strangeways, Niven and others have actually succeeded 
in making a long bone such as the femur or tibia from a chick embryo 
grow in length, develop epiphyses, and undergo osteogenesis. 

The infiuence of environment even in vitro is well illustrated by the 
work of Drew. Pure cultures of a tissue such as renal epithelium or 
renal connective tissue were obtained by placing a minute globule of 
mercury over a separate clmnp of the desired cells, subjecting the 
culture to the lethal effect of ultra-violet light, and then cultivating 
the tissue protected by the mercury. The renal epithelium grew in 
an undifferentiated sheet until the correct amount of connective-tissue 
cells was added, when definite kidney tubules were formed. By pro- 
viding the necessary stroma heart muscle cells could be made to pulsate 
in vitro, and the mammary epithelium from a pregnant animal to 
produce fat droplets which made the medium milky. It is evident 
from such experiments that a tissue culture is in a sense a '^partial 
organism,” in which the different parts are in some way coordinated. 
It has not been possible to grow single cells. The only isolated cell 
which is capable of independent growth is the ovum. Even in vitro 
the cells are members one of another. It is possible that an exception 
should be made in the case of the cells of a malignant tumor. 

METAPLASIA 

Metaplasia is the transformation of one type of tissue into another 
t^’pe. This process has definite limits. An epiblastic tissue can only 
produce another epiblastic tissue, raesoblast can only produce meso- 
blast. Metaplasia is best seen in the closely-related connective tissues, 
as. when cartilage is converted into bone. Anaplasia, or reversionary 
atrophy, must not be confused w'ith true metaplasia. Anaplasia is 
merely the reversion of a more highly to a less highly differentiated 
form. In fibroid conditions of the lung the fiattened respiratory 
epithelium of the alveoli may revert to the cubical form of epithelium 
characteristic of the fetal lung; in chronic nephritis the high epithelium 
of the convoluted tubules changes to a low cubical type. 

Epithelial Metaplasia.— True metai)lasia occurs in response to a 
call for altered function or at least as the result of altered environment. 
If the prolapsed uterus becomes everted the columnar epithelium is 
changed into a squamous stratified form better fitted to withstand 
friction. As the result of continued irritation, e. g., from gall stones, 
the columnar epithelium of the gall-bladder may also become squamous, 
and from this altered epithelium a squamous-cell carcinoma may arise. 
The bronchial epithelium in a bronchiectatic cavity may undergo the 
same change and come to resemble the epidermis. (Fig. 102.) The 
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more highly specialized glandular epithelia (liver, kidney, etc.) appear 
to be incapable of true metaplasia. 

Connective-tissue Metaplasia.— Examples of this arc of common 
occurrence. Fibrous tissue, myxomatous tissue, cartilage, and bone 
are all closely related, and one may become changed into the other. 
The commonest change is that of cartilage into bone. In old age 
ossification of the laryngeal and tracheal cartilages is common enough. 
This is certainly not due to altered function, but may be connected 
with altered environment. Bone may be formed in the walls T>f 
degenerated arteries the seat of arterioseJerosis, or in an eye which is 
destroyed and functionless. It may be encountered in the edges of 
a wound in the abdominal wall. Apparently the connective-tissue 



Flo. 102. -Remarkable metaplasia of epithelium liiiiiiK a bronchiectatic cavity. The 
single layer of columnar cells is converted into typical stratified squamous eoithelium. 
X 150. 


cells become converted into bone-forming cells. In myositis ossificans 
bone is formed in the voluntary muscles and may replace them to a 
large extent; this bone is probably formed from the connective tissue 
between the muscle fibers. Jinny examples of metaplasia are seen in 
connective-tissue tumors; thus the cells of an osteogenic sarcoma of 
bone may form fibrous tissue, mucoid tissue, cartilage or bone. 

Endothelial Metaplasia.— JYhen serosal endothelium such as that 
lining the pleura or peritoneum is irritated either experimentally or 
by disease it may undergo marked mctaplastic changes. In place of 
being flattened it may become cubical, columnar, or even stratified. 
The cubical and columnar cells may surround spaces so as to give 
a glandular appearance. We shall have to return to the subject of 
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serosal metaplasia in discussing serosal cysts of the appendix and 
h'allopian tube, endometrial implants of the ovary, and endothelioma 
of the pleura. 

ATROPHT 

Atrophy is a diminution in size, a shrinking of cells or fibers which 
have reached their full development. lIyi)oplasia indicates a failure 
of full development. Atrophy may occur under a great variety of 
different conditions. Some of the most important of these are old 
age, lack of nourishment, disuse, the action of toxins, pressure and 
interference with nerve supply. As age advances there is a general 
tendency towards atrophy, best seen in the uterus, ovary, breast, 
lymphoid tissue, and bone-marrow. Chronic starvation causes wast- 
ing of adipose tissue and muscles; atrophy also follows decreased blood 
supply due to arteriosclerosis. Disuse of a structure results in atrophy, 
as is seen in the anterior horn of the spinal cord after amputation of a 
limb. Toxins are responsible for the wasting seen in long-continued 
infections. Pressure atrophy is seen in the erosion of bone by an 
aneurism or the atrophy of liver cells in amyloid disease. Neuro- 
trophic atrophy is due to loss of trophic impulses when a motor nerve 
is injured, but it is difficult to be sme how much of this is due to disuse. 

HYPERTROPHY AND HYPERPLASIA 

Hypertrophy. —Hypertrophy is an increase in the size of individual 
cells or fibers as a result of which the organ may become enlarged. 
Enlargement of an organ from any other cause should not be called 
h>T)ertrophy. There is no increase in the number of the individual 
elements; such an increase is covered by the term hyperplasia. True 
hypertrophy never occurs as the result of irritation, but always in 
response to some demand for increased function. It is convenient to 
recognize three varieties of hypertrophy— physiological, adaptive, and 
compensatory— although the dividing lines cannot be drawn too 
sharply. 

Phsrsiological Hypertrophy.— Physiological hypertrophy occurs apart 
altogether from disease. The best example is the pregnant uterus. 
At the end of pregnancy the muscle fibers are ten times as long and 
four times as broad as in the non-pregnant uterus. The hypertrophy 
of muscles which follows hard work (the blacksmith’s arm) may be 
placed in this group or in the next. 

Adaptive Hypertrophy.— Adaptive hypertrophy is best seen in hollow 
muscular organs when the outlet is partially obstructed. The wall of 
the organ becomes thickened owing to an increase in the size of the 
muscle fibers. As examples may be mentioned the left ventricle in 
stenosis of the aortic valve or high blood-pressure with 'its increased 
peripheral resistance (Fig. 104), the stomach in pyloric obstruction, the 
bowel in chronic intestinal obstruction, and the bladder in stricture of 
the urethra. The hypertrophy of voluntary muscle as the result of 
exercise may be plac^ in this group or in the preceding one. 
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Compensatory Hypertrophy.— Compensatory hypertrophy is an in- 
crease in size to compensate for loss of tissue. It is best seen in paired 
organs. Wlien one kidney is re- 
moved or atrophies because of dis- 
ease the remaining kidney does the 
work of the two and becomes cor- 
respondingly enlarged. (Fig. 103.) 

There is no formation of new ele- 
ments, but merely an increase in 
the size of the existing tubules 
and glomeruli. When a portion of 
the liver or thyroid is removed 
the organ is restored to its original 
size, a process often spoken of as 
compensatory hypertrophy, but 
this is a hyperplasia rather than 
a hypertrophy. 

Hyperplasia.— By hyperplasia 
is meant an increase in the 
number of the cells of a part. Its 
limits are more shadowy than 
those of hypertrophy, and it grad- 
ually merges into the process of 
neoplasia or tumor formation. 

Hyperplasia, unlike hypertrophy, is often the result of irritation, 
although it may also be compensatory or adaptive. Lymphoid tissue 
readily undergoes hyperplasia as the result of local irritation. Com- 
pensatory hyperplasia is seen in the bone-marrow which so readily 



Fig. 103. — Compensatory hypertrophy 
of one kidney. 



Fig. I04.--Conoentrio hypertrophy of the left ventricle in aortic stenosis. 
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becomes hyperplastic when there is a demand for more blood. 
When a portion of the thyroid gland is removed the remaining tissue 
undergoes marked hyperplasia so as to compensate for the loss. The 
liver ^so has remarkable powers of compensatory hyperplasia. 


MALFORMATIONS 

The subject of malformations, maldevelopment, and monsters is an extremely 
large one, involving as it does a study of all the possible errors which may 
occur during the complex process of development. The scope of this work, 
not to mention the lack of knowledge of the writer, makes any attempt to 
cover the subject out of the question. All that will be atteinijted will be to 
give a catalogue of the principal conditions, so that the student will at least 
become familiar with their names. If he wishes to enquire into the rationale 
of the various malformations he may consult Adami*s Principles of Pathology^ 
or the monop'aphs by Ballantyne and Schwalbe. For convenience the subject 
may be divided into: (1) maldevelopments, inclusions, etc.; (2) local mal- 
formation ; (3) double monsters. 

Maldevelopments.— Many minor errors of development are compatible with 
life and even with health. Most of these will be described when diseases of 
the individual organs are discussed. There may be too few digits or too many 
(supernumerary). Two or more of the fingers or toes may be fused together, 
a condition of syndactyly. The kidneys may be fused at the upper or the 
low’er pole, the horseshoe kidney. Remnants of fetal structures which normally 
disappear may remain, c. gr., MeckeVs diverticulum, Wolffian ducts, thyro- 
glossal duct, ductus arteriosus, etc. The congenital anomalies of the heart 
form a subject in itself. In the course of dev^elopment portions of an organ 
may become detached and included in another organ. Thus inclusions or 
''rests” of adrenal cortex may be found in the kidney and the pelvic organs, 
pancreatic tissue occurs in the w^all of the stomach and duodenum, thyroid 
tissue at the base of the tongue and elsewhere in the neck. This displacement 
of tissue is called heterotopia. Along the normal lines of closure of develop- 
mental clefts dermal tissues may be infolded and included in the underlying 
structures. The included tis.sue may start to grow, forming an inclusion 
dernioid. These lesions are commonest in the face and the middle line of the 
body both anteriorly and posteriorly. It is possible that certain tumors of 
mixed structure (parotid and kidney tumors) may arise from these inclus- 
ions. 

Local Malformations.— During normal development a number of grooves 
and fi.ssures must be accurately closed. If any of these remain open either 
wholly or in part grave malformations may result. These may be reviewed 
briefly. 

Neural Groove. - The entire groove may remain open, but usually the defi- 
ciency is only partial. If the cranial part is oi)en the condition is called cranio- 
schists; if the spinal part is unclosed it is called rhachioschisis. In cranioschisis 
the brain may be absent .save for an amorphous mass of tissue on the floor 
of the cranial cavity, a condition of anencephaly or acrania; the child is an 
aneficephalic monster. The frcjntal part of the cranium may be closed, wffiile 
the occipital part remains open and the brain hangs out at the back. When 
the patency is more limited in extent there may merely be some prolapse of 
the meninges or the brain covered by skin— meningocele or encephalocele. 
In the spinal canal by far the commonest defect is spina bifida, the lowest 
part of the canal remaining unclosed. Here also there may be meningocele 
or meningomyelocele. 

Sternal Fissure. —If the patency is at all marked extra-uterine life is impos- 
sible; for the lungs are unable to expand. The heart may protrude through 
the opening, a condition of ectopia cordis. 
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Abdominal Fissure. — The two halves of the abdominal wall may fail to 
close. There will then be eventration or protrusion of the viscera. 

Urogenital Fissure.— The bladder may be extruded or it itself may fail to 
close, a condition of ectopia wesicac. If the urethra does not close it is repre- 
sented by a groove on the dorsal surface of the penis or clitoris, a condition 
of epispadias. 

Facial Clefts. — If there is gross failure of the various facial clefts to close, 
the fetus will be a monster. Very much commoner is harelip and the often 
associated cleft palate. The maxillary process fails to unite with the inter- 
maxillary bone and the defect may be limited to the lip or may extend back 
into the hard and even the soft palate. The lesion may be unilateral or bilateral. 
If the intermaxillary bone is absent there will be a median cleft palate. 

Branchial Clefts. — The branchial clefts below the first (which forms the 
Eustachian tube) may remain open. The third is the most frequently involved. 
The entire cleft may remain open, constituting a branchial fistula which con- 
nects the pharynx with the skin surface of the neck. The outer end may 
remain open; this is a branchial sinus. The commonest lesion is a branchial 
cyst, in which both ends are closed, but the intermediate portion remains open. 

Rectal Malformatiom. — There may be a persistent cloaca, in which the rectum 
fails to be separated from the external genitalia. If partial separation occurs 
a fistula is formed, the rectum communicating by a passage with vagina, 
bladder or urethra. The septum which separates the skin from the hind gut 
may not be broken down as normally occurs; this is a condition of imperforate 
anus. 

Double Monsters. — Monsters may be single or double. Instances of single 
monsters have already been given, although of course it is not always easy to 
say when a defect is sufficiently severe to justify the use of the word monster. 
One form has not yet been mentioned. The two eyes may be fused so that 
there is a single eye in the center of the forehead. The condition is known as 
Cyclops, named of course after Polyphemus in the Odyssey. Double monsters 
are an anomaly of twin formation. They maj’^ be symmetrical or asymmetrical. 

Symmetrical Monsters. — In these, two individuals arc joined together. The 
union may be in the head region, in the thoracic region, or in the sacral region. 
(1) Craniopagus is fusion in the head region. The fusion often only involves 
the scalp and cranium. There may be two faces looking in opposite directions. 
Or there may be a single head, the two bodies remaining separate. The posi- 
tion may be reversed, the bodies being fused into one, while the heads remain 
separate. There is then a two-headed monster or dicephalus. (2) Thoracopagus 
is fusion in the thoracic region, the remainder of the two bodies remaining 
separate. There may be a common thoracic cavity with a double set of vis- 
cera. Sometimes there is only union between the ensiform cartilages and 
the surrounding soft parts. Such a condition is quite compatible with life, 
and it was in this way that the Siamese twins who lived to the age of sixty- 
three years were united. (3) Ischiopagus is fusion in the pelvic region. The 
head, thorax, and spinal column of each individual remain separate, but 
there is union below the umbilicus and a pelvic ring in common. In the above 
description only the main types of symmetrical double monsters have been 
mentioned. There are endless variations. 

Asymmetrical Monsters. —1. Unequal Twins. — As a rule, both twins develop 
equally. Rut one may die and be converted into an amorphous lump of flesh. 
In other cases the fetus is fairly well developed, but the heart is poorly devel- 
oped or rudimentary. This is an acardiac fetus. In such cases the course of 
the circulation has been reversed; the acardiac fetus is nourished by the blood 
of the other twin, so that the heart, having little to do, does not develop. 

2. Parasitic Fetus. — This is an example of a double monster in which the 
development of one of the Uvins is arrested. This twin does not die as in the 
case of unequal twins, because it is united with the other tw in upon which it 
lives as a parasite. The parasite may be attached in the cranial, thoracic, or 
pelvic region, giving a parasitic craniopagus, parasitic thoracopagus, or parasitic 
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iBchiopagtLS, The parasite may be fairly well developed or may be a mere 
jumble of tissues. When such a rudimentary mass is attached to the mandible 
it is called an ejyignaihvs. It may be attached to the sacrum, forming a sacral 
teralfima, 

3. Congenital Teratomata , — As already indica^, the parasitic mass may be 
unrecognizable as a separate individual, consisting merely of a confused mass 
of tissues such as brain, bone, cartilage, teeth, skin, hair, and glands. This 
may be attached to the exterior of the body, most often in the sacral region, 
or it may be included in the body cavity (mediastinum, ovary, testicle, etc.). 
These are congenital teratomata or dermoids, so-called because they contain 
dermal structures. They are to be distinguished from the teratomata which 
develop in adult life, usually in the ovary, more rarely in the testicle, and 
which are probably derived from segregation of one of the blastomeres of the 
developing ovum. 
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CHAPTER X 


TUMORS 

A TtTMOR or neoplasm may be defined as a growth of new cells whidi 
proliferate without control and which serve no useful function. Most 
tumors are easy enough to recognize, but on the outskirts of the group 
there are tumor-like masses regarding which no one can say with 
certainty whether or not they are true neoplasms. Two common 
examples are leukemia and Hodgkin’s disease. 

The differentiation between neoplastic and inflammatory conditions 
is usually easy. In inflammation the causal organisms can be demon- 
strated, the inflammatory cells which may constitute a lump or mass 
are varied and pleomorphic, and in course of time the lesion clears 
up. In a true neoplasm the cells are usually all of the same type 
(epithelial cells, fibroblasts, etc.), and the condition is progressive. 
But the matter is not quite so simple. The cells of a tumor may be 
very pleomorphic (osteogenic sarcoma, glioblastoma multiforme), 
and on the other hand a chronic inflammatory condition may show 
marked cellular proliferation. Repair, indeed, is just proliferation, 
and it may be hard to say where the proliferation of repair ends and 
the proliferation of neoplasia begins. These considerations have a 
twofold importance. In the first place they suggest that it may be 
unwise to draw too strict a line between inflammation and neoplasia, 
so that there may be borderland conditions such as Hodgkin’s disease 
which partake of the character of both. In the second place it is 
possible that the hyperplasia of chronic inflammation may cross the 
line and become the hyperplasia of tumor growth. 

INNOCENT AND MALIGNANT TUMORS 

It is easy to divide tumors into two great classes: the one innocent, 
simple or benign, the other malignant. This is true both for epithelial 
and connective-tissue tumors. In the former carcinoma and in the 
latter sarcoma is the malignant representative. All malignant tumors 
are included under the common heading of cancer, meaning a crab, 
from the claw-like processes which characterize these growths. But 
once again difficulty is experienced when the typical center of the 
group is left and the indefinite margins are approached. If we pro- 
ceed far enough we find ourselves confronted with the question as to 
w hether an innocent tumor, epithelial or connective tissue, can become 
converted into a malignant one. An innocent tumor seldom changes 
its character, but occasionally it may do so. A papilloma of the colon 
or rectum often becomes a carcinoma, a fibro^enoma of the breast 
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may become a sarcoma, a pigmented mole may become a malignant 
melanoma. 

The characteristics of malignancy are as follows. 

1. A malignant tumor if untr ea ted w ill the patient wherever it 
grows, even in the hand or tHeTFoot. An innocent tumor will only 
cause death if it happens to grow in a vital organ. 

2. A malignant tumor infilt rates the surrounding tissue. It sends 
claws into it like a crab. An innocent tumor, on the other hand, 
grows by expansion, and is usually separated from the surrounding 
tissue by a capsule. 



Fio. 106 Fia. 106 

Figs. 105 and 106.— Mitotic fijturcs. Fi|?. 105 shows the monaster sta^e (metaphase) 
and Fig. 106 the diaster stage (anaphase). X 700. 


3. \Mien a maHgnaiit tumor is removed it ina\^ reemr. This may be 
due to one of two causes. (1) Usually the reason is that some of the 

original growth has not been re- 
moved. Cancer cells may lie dormant 
for years and then may start to grow. 
Sometimes the so-called recurrence 
is not at the primary site, but at 
some distant point to which the 
malignant cells have been carried. 
Thus cancer of the breast may “re- 
cur” in the lung as much as twenty 
years after complete removal of the 
primary tmnor. (2) There may be 
a fresh development of new cancer 



Fio. 107. — Atypical mitosis. The 
chromosomes have divided into three 
groups in the center. Three centro- 
somes and attraction spheres are also 
seen. X 1500. 


cells at the original site, arising 
from cells which were not at first 
cancerous, due possibly to persis- 
tence of the original cause. 


4. A malignant tumor, as a rule, grows rapid ly, that miMic 
figures mB.Y 1 ^ seen . (Figs. 105 and lOli.) Tlie more rapid the growth, 
ffieTnore numerous are the mitoses. The mitotic figures seen in ordi- 
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nary sections of pathological tissue are not like those of the histological 
textbook. When the nucleus of a tumo r cell is represented by a dark 
mass of cjiromatin, the ceTITs probably undergoing mitotic division. 
If the chromatin is collected as a bar across the center of the cell 
(monaster, metaphase) or in two separate masses, one at each pole 
(Jiaste]^ anaphase), the probability beconies a certainty. In malignant 
tumors atypical mitosis (multicentric division) may sometimes be 
seen. (Fig. 107.) Colchicine has a remarkable power of arresting 
mitosis, which is of value in experimental work. It must be remembered 
that mitosis is also present in rapidly-growing granulation tissue, and 
in any other rapidly regenerating tissue. It is evident, therefore, that 
the preseMe of mitoses is no proof of malignancy. This is particularly 
true of connective-tissue lesions. Some cancers grow slowly, but in 
others one can almost watch the increase in size from day to day. 1 
have seen an abdomen opened, revealing a tumor of the ovary which 
biopsy proved to be carcinoma. The abdomen was again opened 
three weeks later (the delay being due to an intercurrent infection), 
and the entire peritoneum was now found to be covered with cancer. 

5. A malignant tumor sets up st^ndary growths or metastases m 
lymph nodes and in distant organs. Soine^ malignant tumors, e. g., 
gfiomas, do hot bchave'ih this way. 

6. A malignant tumor fails to reproduce the structure of the tissue 
from which it grows. The greater the failure the more undifferentiated 
or anaplastic is the tumor said to be, 
and the more malignant is its nature. 

An innocent tumor may reproduce 
glandular and other structures with 
perfect fidelity, i. e., differentiation is 
complete. When the cells fail to show 
a normal relationship to their neighbors 
they are said to show loss of polarity. 

In deciding the all-iiiiportiint ques- 
tion of the malignancy of a tumor it is 
necessary to consider not only the 
histology (arrangement of the cells) 
but also the cytology (character of 
the cells, especially their nucleus and 
nucleolus). The most vital function of 
a cell, the reproduction of its proteins, 
is regulated by the nucleus, and in 
particular by the nucleoproteins of the 
chromatin . I Itra-violet spectroscopy 
shows that there is intense activity 
of this meclianism in cancer cells. It seems probable that the increased 
rate of cell division in cancer associated with abnormal chromosome 
behavior may be explained in terms of disturbed nucleic acid metabolism 
(Koller). Irradiation interferes with this mechanism, and may lead to 
death of the cancer cell. The malignant nucleus is large, hyperchro- 



Fio. 108. — Smear of cancer of 
breast showing irregular cells and 
large nucleus and nucleolus. 
X 500. 
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matic (the chromatin stains deeply) or with coarse network, varies 
much in shape, and is generally eccentric. The method of microin- 
cineration shows that the inorganic content of the nuclei of malignant 



Fig. 116, Grade 3. Fig. 116, Grade 4. 

Figs. 113 to 116.— The four grades of adenocarcinoma. X 126. 
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cells is higher than that of normal cells (Scott and Homing, Cathie). 
The most important single featxire, as MacCarthy has emphasized, is 
the nucleolus, which is much larger in proportion to the nucleus than 
in a normal cell or in the cell of a benign tumor, and is surrounded 
by a clear halo. These cytological features are best seen in frozen 
sections of unfixed tissue, or in wet films rapidly fixed and stained. 
(Fig. 108.) Fidler, on w'et films in my laboratory in Winnipeg, found 
that multinucleated cells and giant cells were present much more 
frequently than in paraffin sections from the same tissue. He points 
out, however, that the above criteria are only true for carcinoma, not 
for sarcoma. 

The Grading of Tumors.— A tumor may show any degree of malig- 
nancy. It is easy to make a microscopic diagnosis of a highly malig- 
nant tumor, but to tell if a tumor of low malignancy is really malignant 
may be very difficult, a fact which the clinician must bear in mind. 
Moreover the degree of malignancy has an all-important bearing on 
the prognosis and on the prospect of successful treatment. For this 
reason Broders has introduced a system of grading malignant tumors, 
dividing them into four groups according to their apparent malig- 
nancy and probably prognosis. (Figs. 109 to 112 and Figs. 113 to IKi.) 
Grade 4 is the most malignant (like the 4-h Wasscrmann), Grade 1 
the least. The points taken into consideration are: (1) absence of 
differentiation (anaplasia), (2) hyperchromatism (nuclei rich in chro- 
matin), and (3) the number of mitotic figures. (Figs. 109 to 112.) 
In epidermoid carcinoma, in which the method was first worked out, 
it is found that with adequate treatment the prognosis in Grade 1 
is excellent, while in Grade 4 it is practically hopeless. Grading is a 
useful method of communication between pathologist and surgeon, 
and an indication to the latter of the probable prognosis. It can also 
be used as a guide to treatment. Grades 1 and 2 being suitable for 
operative removal and Grades 3 and 4 for radiation. From the patho- 
logical standpoint there is, of course, nothing new in distinguishing 
between different degrees of malignancy in a tumor, for it was in 1893 
that Hansemann first introduced the concept of anaplasia. 

But there are limits to the value of grading w^hich must be recognized. 
It is of most value in carcinoma of the skin and carcinoma of the 
rectum where differentiation is easy to recognize (cornification, gland 
formation), it is difficult in cancer of the breast and the cervix uteri, 
and it is useless in the malignant melanomas. Moreover it must be 
realized that a tumor may not show a uniformly malignant structure 
in every part and that a small portion remov^ for biopsy may be 
misleading. Finally, microscopic grading must not take the place of 
careful clinical judgment, for the latter may offer a better chance of 
arriving at a correct prognosis. The clinician must not take grading 
too seriously, but must consider the age of the patient, the extent of 
the disea.se, its duration, its rate of growth, and most important of all, 
involvement of lymph nodes. He is apt to think that the chief value 
of grading is an aid to prognosis. This is not the case, for it may be 
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quite deceptive. The histological character of the lesion does not 
necessarily parallel the biological tendency which we designate as 
nialignancy. The real value of grading lies in the indication which it 
gives as to the radio-sensitivity of the tumor. It is a guide to treatment 
rather than to prognosis. 

BIOLOGICAL DISTURBANCES IN MAUGNANCT 

The biological study of tumors includes both the metabolism of tumor cells 
and the general constitutional disturbances. The study of the metabolism" 
of the tumor cell is of fundamental importance, because by means of it we are 
more likely to come to an understanding of what a neoplasm really is and in 
what respects it differs from normal tissue. 

Glycolysis. — -The most important work on cell metabolism is that of War- 
burg, who has studied the metabolism of isolated tissues in vitro. Tiny pieces 
of living tissue arc placed in a special chamber in Ringer’s solution containing 
sodium bicarbonate and glucose. Any acid formed from the glucose will 
react with the bicarbonate to form carbon dioxide; this is measured and 
indicates the amount of glucose consumed. There are two phases of tissue 
metabolism, two possible sources of energy and life. These are: (1) respira- 
tion^ the aerobic burning of glucose to form carbon dioxide and water; (2) 
glycolysis, the anaerobic breaking-down of sugar into lactic acid without the 
consumption of oxygen. In the absence of oxygen all tissues can produce 
lactic acid from glucose, but adult tissues depend on respiration and respira- 
tion prevents glycolysis. The cancer cell does not need oxygen. It has extra- 
ordinary glycolytic powers, and in ten hours can destroy its own weight of 
sugar and convert it into lactic acid. It is like an asphyxiated cell of normal 
tissue. Benign tumors and embryonic tissue behave like malignant tumors 
under anaerobic conditions (glycolysis), but like adult tissue under aerobic 
conditions (respiration and oxidation). Curiously enough the retina and the 
gray matter of the brain have the same high glycolytic rate under anaerobic 
conditions as tumors. 

The Blood. —Anemta of a secondary type is often marked, especially in 
ulcerating tumors. In cancer of the stomach the anemia may be of the per- 
nicious or primary type. Several factors may cause the secondary anemia. 
Of these hejnorrhage is the most obvious. Secondary involvement of the 
bone-marrow sometimes plays a part. It is probable that the absorption of 
toxic substances which act on the hemopoietic apparatus is the most i)otent 
factor. Leucocytosis often occurs, but can generally be attributed to the accom- 
panying sepsis. None of the blood changes is pathognomonic of malignancy. 

Fever.“It is unfortunate that fever, sometimes long continued, may occur 
in malignant tumors, because it adds grave difficulties to the clinical diagnosis. 
Here again there is more than one cause. Septic infection may or may not be 
accompanied by fever. But there may be fever without any infection, espe- 
cially in hypernephroma of the kidney, in malignant tumors of bone (osteo- 
genic sarcoma, Ewing^s tumor), and in primary carcinoma of the lung. In 
these cases fever-producing proteins must be absorbed from the tumor into 
the blood stream. 

METHODS OF SPREAD OF TUMORS 

Innocent tumors do not present any special problem of spread. 
They grow expanshTly and compress the tissues in their neighborhood 
so that some sort of capsule is often formed. It is otherwise with 
malignant tumors. The process is best studied in carcinoma which 
may spread in the following ways. 
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1. Infiltration. — Carcinoma cells tend to grow mto connecti ve tis sue 
spaces and to invade lymphatics. This is because there is less resist- 
ance in the conhecHve tissues than in a solid sheet of epithelium. 
At the edge of the tumor the cells can be seen growing along the tissue 
spaces to a great distance so that the microscopic area of the tumor is 
much larger than the gross area, and it is the microscopic area which 
the surgeon has to consider. 

There may be permeation of the l^mphatws^ a method of spread 
especially emphasized by Sampson Handley in cancer of the breast. 
Here the tumor invades the lymphatic vessel and grows along it. 

There may be an intra-epithelial spread of carcinoma. This is uncommon 
because the solid epithelium offers more resistance and less nutriment than 
the more open connective tissue. There may be spread from an underlying 
tumor into the epidermis, the carcinoma cells making their way between the 
normal epithelial cells and often degenerating and leaving vacuoles. This is 
what happ>ens in Paget’s disease of the breast where the underlying tumor is 
a duct carcinoma. If the tumor cells produce some readily-staiiiable material 
such as mucin the process is more readily recognized (Dunn). In rare cases 
a basal-cell carcinoma may spread through the epidermis rather than invade 
the deeper tissues. All of these are of uncommon occurrence, for a carcinoma 
is much more apt to destroj" the epidermis than to infiltrate it. 



Fig. 117. — Multiple foci of independent growth in a rodent ulcer. X 45. 


What may be called the contact spread of cancer is of great theo- 
retical interest. If an innocent papiUoma of the colon which is becom- 
ing malignant be studied it will be observed that at the point of junction 
every variation may be seen between a typical cancer cell with hyper- 
chromatic nucleus and an innocent goblet cell. In the same gland there 
may be representatives of what are apparently both innocent and 
malignant cells. I have observ^ed the same phenomenon in the skin, 
where the result may be multiple malignant foci arising in a limited 
area (Fig. 117). A precancerous change seems to affect the normal 
cells before the tumor actually reaches them, as if some malignant wave 
had spread along the surface. 
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2. Emb olism.— Tumor cells may be carried to a distance by the 
lymph dr the blood stream. Lymphati c embo lism causes secondary 
growths in the regio nal lymph nodes, usually in those nearest the 
primary tumor but sometimes at a distance; thus cancer of the stomach 
may infect the suprac^^ Carcinoma commonly spreads 

by theTymph stream, sarcoma rarely. 

Embolism by the hhod stream is common in both carcinoma and 
sarcoma. (Plate V and Fig. 118.) Highly vascular tumors and those 
which tend to invade bloodvessels are prone to cause early metastases^ 
Perhaps the best example is chorionepithelioma of the nt^,i::us. Tumors 
in the systemic circulation <(bohes, kidneys) tend to infect the lungs, 
those in the portal circulation (stomach, colon) tend to infect the liver. 
Primary cancer of the lung infects the brain and other viscera. But 
there is often no apparent rhyme or reason about the dissemination of 
tumor cells. In one cancer of 
the stomach the liver is a mass 
of metastases, in another the 
spread is entirely to the ab- 
dominal lymph nodes, while 
in a third there may be no 
apparent spread beyond the 
stomach. 

The question of suitable 
environment must play an 
important part. The muscles 
must be flooded with cancer 
emboli, and yet a secondary 
growth in muscle is the rarest 
occurrence. Tumor emboli 
in the lungs often die out, as 
M. B. Schmidt showed many 
years ago. They become 
coated with fibrin, the tumor 
cells are never properly im- 
planted and fail to develop 
into metastatic growths. If in two animals with the same type of 
tumor the tumors are massaged and one animal is killed soon after- 
ward, the lung capillaries will be found to be stuffed with tumor 
cells. If the other animal is killed some months later only a few 
metastases will be found in the lungs. Most of the emboli have 
failed to develop. Oertel points out that there may be widespread 
embolic plugs of tumor cells without the formation of metastases, thus 
distinguishing between transportation and true secondary growths 
due to the cells breaking through the walls of the vessels and “taking.” 
Some tumors have a special predilection for certain organs. It is not 
because they are specially carried there, but because they find a suit- 
able environment. Secondary tumors of bone are likely to have come 
17 
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from the breast, the prostate, the kidney, the lung, or the thyroid; 
those in the skin commonly come from a melanoma. 

Metastases are not always found in those organs where they might 
be expected on strictly anatomical grounds. Cancer of the prostate 
may metastasize to the cervical vertebrae and to the long bones although 
no secondary tumors may be present in the lungs. Paradoxical em- 
bolism through a patent foramen ovale and other fanciful explanations 
have been suggested to account for this phenomenon. The work of 
Batson appears to provide the true explanation. By means of injections 
followed by radiography Batson has demonstrated a system of veins, 
which he names the vertebral system, passing up inside the spinal canal 
and anastomosing with sacral, lumbar, abdominal and thoracic veins, 
as well as with veins penetrating the vertebral bodies and cranial bones 
and cavity. Similar veins have been described and figures by the older 
anatomists. In animal experiments it was possible to show that there 
were frequent reversals of flow in this vast intercommunicating system 
the result of coughing, straining, and increase of intra-abdominal 
pressure. During these reversals a pathway up and down the spine 
exists which does not involve the heart and lungs, a system which is 
more a venous pool or bypass rather than a vein with a constant flow 
of blood. As flow takes place into the system during coughing, it is 
easy to understand the high incidence of cranial metastases in cancer 
of the lung and secondary brain abscesses in lung abscess. There are 
thus four systems of veins by which tumors may spread to a distance, 
the caval, pulmonary, portal and vertebral veins. 

Metastases may exactly duplicate the primary tumor, but in some 
cases they present a different picture. They may be more or less 
differentiated than the primary growth. It is sometimes easier to 
make a corre(!t histological diagnosis from a secondary growth in a 
lymph node than from the primary tumor. 

Multiple tumors are often a puzzle. It may be difficult to know if 
the tumor has started at one spot and has then metastasized, or if the 
various growths are of multicentric origin. Multiple myeloma of bone 
and IjTnphosarcoma provide examples of this problem. Multiple 
primary malignant tumors are common in the skin, and fairly common 
in the intestinal tract. Occasionally there may be primary tumors of 
more than one organ. 

The student may be surprised to learn that it sometimes happens 
that at autopsy numerous tumors are found which are apparently all 
secondary, yet careful search may fail to reveal a primary growth. 
In such cases a small primary nodule may have been overlooked in 
such locations as the nasopharynx, male breast, prostate or bronchus. 

3. Implantation.— Secondary growths may be scattered over a serous 
or a mucous surface owing to tumor cells being seeded on the surface 
and gaining a hold. Gocxl examples are carcinoma of the ovary infect- 
ing the peritoneum and papillary carcinoma of the bladder causing 
secondary growths in other parts of that organ. 

The question of tumor inoculation b of surgical interest. The danger 
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of tumor cells being implanted in the surrounding tissue during the 
course of a biopsy is more apparent than real. Still the danger is 
there, and the best way to remove a piece of tissue for microscopic 
examination is by means of the electrocautery which kills the tumor 
cells with which it comes in contact. 

THE EFFECTS OF TUMORS 

The effect produced by a tumor depends on the site of the tumor 
and its nature. An innocent tumor causes pressure atrophy of the 
surrounding parts. A malignant tumor produces acti\^e destruction 
of .tSsue partly by direct pressure, partly by interfering with the 
blood supply. A skin or mucous surface becomes ulcerated and infec- 
tion follows. When the tumor comes in contact with bone it causes 
erosion. Erosion of a vessel will lead to hemorrhage, a very common 
symptom in cancer of the uterus, stomach, and bowel. A natural 
passage may be occluded with dilatation of the proximal part; in this 
way there may be great dilatation of the stomach, common bile duct, 
and cerebral ventricles. The general constitutional effects have already 
been described in connection with biological disturbances. 

The cause of death is varied. If the tumor grows in a vital organ the 
cause is obvious. Sepsis may play an important part. In cancer of 
the esophagus death is due to starvation. Often we can only name 
malignant cachexia and exhaustion. 

Spontaneous Cure.— At any time an innocent tumor may stop growing, 
whereas a malignant tumor continues to grow as long as the patient lives. 
There are many reports in medical literature of spontaneous cures of malig- 
nant disease but very few of these will bear careful scrutiny. No case can 
be admitted unless the diagnosis has been confirmed by biopsy and unless a 
complete postmortem examination has been made. These conditions have 
seldom been fulfilled. The following special cases deserve consideration. In 
chorion epithelioma removal of the primary tumor in the uterus may be fol- 
lowed by disappearance of secondary growths in the lungs. Partial removal 
of an adenocarcinoma of the ovary has been folloAved by complete recovery. 
In rare cases of cancer of the breast with secondary growths, several of the 
tumors may disappear and the patient inay live in good health for a number 
of years, though eventually dying of the disease. The interest of these examples 
is that they suggest the development of an immunity which is at least partially 
successful. If only we could do something to make the success complete! 

THE ETIOLOGY OF TUMORS 

Whilst it is true that the essential nature of cancer remains a biologi- 
cal mystery, a vast amount of information has been collected concerning 
factors relating to its causation. At the outset of this discussion it 
may be said that cancer can be caused in the experimental animal and 
that it can be cured in man. In spite, tlierefore, of our ignorance 
regarding the nature of the intracellular change it is perhaps time 
that we stopped describing cancer as an unsolved riddle. The bulk 
of the newer knowledge comes from experimental work on animals, 
but clinical observations of fundamental importance have been made 
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in the past and will continue to be made in the future on human 
material. 

The public and the press are fond of speaking about “the cause of 
cancer.” This is natural if cancer be regarded as a disease entity like 
tuberculosis, although even in the case of tuberculosis the tubercle 
bacillus is not of itself sufficient to produce the disease. But cancer 
may be regarded as a group of diseases, comparable with the infective 
fe^'e^s; if this is correct there may be different causes for cancer of the 
breast, cancer of the stomach, and cancer of the brain. Or malignant 
disease may be considered as a type of reaction to a variety of stimuli, 
just as is inflammation; some of these stimuli may be physical, some 
chemical, some hormonal, some bacterial, and some viral. Once 
started, the process may be irreversible and possess common character- 
istics dependent on the nature of living matter, no matter how varied 
the exciting agents may be. 

The onset of cancer is not a bolt from the blue. In experimental 
tumors, and in some human tumors whose development can be ob- 
served, there is a long period of preparation, during which a gradual 
change is taking place. At the end of this time a sudden change seems 
to occur, as a result of which the normal cell is changed into a malignant 
cell with fundamentally different properties. This process is discon- 
tinuous in character, new, strange, abrupt and irreversible. The 
transformation is as strange as the sea-change described in The Tempest. 

Malignant cells are not simply cells which have acquired rapidity 
of growth. They are specifically altered cells, and the specific char- 
acters may remain unaltered for thirty years, whether the cells are 
propagated by transplantation or grown as tissue cultures. Normal 
chick fibroblasts can be grown for years in culture, but when finally 
inoculated into chicks they cease to grow; cancer cells, on the other 
hand, grow when inoculated after years of culture. 

The first phase of experimental carcinogenesis may correspond to 
what clinicians call a precancerous condition. This may be defined as a 
condition in which cancer subsequently arises with a high degree of 
frequency. In human cancer it is not based on histological criteria, 
because the morphological changes by which cancer is recognized ha\ e 
not yet taken place. Precancerous lesions, either neoplastic or inflani- 
mator^^ although apparently benign, develop into cancer with greater 
frequency than does normal tissue in the same location. Examples 
of such lesions are benign moles and multiple papillomas of the large 
bowel. It may be sai(l that prolonged stimulation of cell division 
such as is seen in hyperplasia and chronic irritation is a prerequisite 
to the successful operation of the factors described below. A great 
variety of factors may be responsible for the first phase, and these are 
known as carcinogenic agents, although it is evident from what has 
been said that the strict accuracy of the term is open to question. 
They may be termed more appropriately the preparatory came. The 
exciting came which is responsible for the change of the normal (though 
prepared) cell into a malignant cell is the real mystery of cancer. The 
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'preparatory cause may be an exogenous factor operating from without 
or an endogeno'us factor derived from substances formed normally by 
the body and possessing definite physiological functions. Both of 
these groups are carcinogenic agents, although the term is often limited 
to the first group. 

Exogenous Carcinogenic Agents.— The truism most often heard 
in connection with the production of cancer is that chronic irritation is 
a potent factor. Much clinical evidence is adduced in support of this 
statement. Well known examples are cancer of the lip and heavy 
smoking, cancer of the tongue and a jagged denture or syphilitic 
glossitis, cancer of the gall bladder and gall stones. X-ray workers 
are apt to develop cancer of the skin, and bones which have become 
fiiffhly radio-active owing to the person swallowing radio-active 
luminous paint may become the seat of a malignant growth. Osteo- 
genic sarcoma develops in the bones of rats as the result of feeding the 
animals minute quantities of radium (Dunlap et a/.). A striking 
example is cancer of the abdominal wall in the natives of Kashmir who 
carry a hot basket of charcoal, the kangri, under their clothes for 
purposes of warmth; it is striking because cancer in this part of the 
body is extremely rare. 

But an irritant is by definition an agent which excites inflammation. 
Carcinogenic substances such as tar and oil are soothing substances, 
whereas irritants such as acids and alkalis never cause cancer. Some 
compounds which are irritating do not produce cancer, while their 
isomers, which may be non-irritating are carcinogenic. A very slight 
change in the chemical structure of a substance may convert it from a 
non-carcinogenic into a carcinogenic agent. 

l^he first observation on chemical carcinogenic agents was that of 
Sir Percival Pott in 1775, who noticed that cancer of the skin was 
especially common in men who worked with tar and he offered the 
suggestion that the tar acted in some manner as a causal agent, ^rhis 
may be linked with a recent observation that cancer of the lip is espe- 
cially common among fishermen on the west coast of Scotland, who, in 
mending their nets, put the bone needle threaded with tarred twine 
between their lips. In 1915, that is to say one hundred and forty years 
after Pott’s paper, Yamagiwa in Japan put this idea to the test by 
painting tar on a rabbit’s ear every day for six months, and succeeded 
in producing cancer of the skin. This was an epoch-making discovery, 
because for the first time it was possible to produce a malignant tumor 
at will. All previous experimental work had consisted of transplanting 
tumors which occurred spontaneously in animals. Subsequent work 
has shown the mouse to be a much more suitable animal than the rabbit. 

Tar is a highly complex substance containing a great ^'ariety of 
chemical agents. The next step was to determine the active agent or 
agents present in tar w'hich were responsible for producing the cancer. 
This step was taken by Kennaway and Cook in 1932, when they suc- 
ceeded in isolating the hydrocarbon benzpyrene from tar and showed 
that it possessed a high degree of carcinogenic activity. It was then 
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noticed that benzpyrene gave a spectrum with fluorescent light very 
similar to that of a group of recently synthesized hydrocarbons, of 
which one of the important members is 1:2:5:6 dibenzanthracene. 
On following up this lead it was at once found that the latter substance 
was powerfully carcinogenic, and as it had the ad^’antage of being a 
chemically pure substance of known composition, it has become the 
most popular agent in the experimental production of cancer. It is 
interesting to note that 1 : 2 benzanthracene has practically no carci- 
nogenic acth'ity, but the attachment of a new benzene ring in the 
5:6 position gives it great carcinogenic power. 

Another of the chemical carcinogenic compounds is the cholan- 
threne group. Cholic acid, an organic substance occurring naturally 
in the body, can be converted by chemical means into inethylcholan- 
threnc, a hydrocarbon related in structure to the synthetic hydro- 
carbons w^hich have just been described. On trial it was found that 
cholanthrene and methylcliolanthrene were amongst the most powerful 
carcinogenic agents known. It is the presence of the fi\'e-niembered 
ring, known as the pentacyclic system, not the methyl group, w’hich 
confers on the compound its carcinogenic power. When this sub- 
stance is painted on the skin it produces carcinoma, when injected 
subcutaneously it produces sarcoma. It w’ill be observed that both 
methylcholanthrene and benzpyrene, the original carcinogenic sub- 
stance isolated from tar, contain the 1:2 benzanthracene ring system, 
although that system itself is almost cojnpletelx' lacking in activity. 

It used to be thought that long-continued application of a carcinogen 
was necessary for the pnKluctioii of cancer, (framer jind Siowell, 
however, have show n, that a single application of methylcholanthrene 
with one brush stroke to a susceptible animal is sufficient. 

To summarize this brief revkwv of the chemical carcinogenic com- 
pounds, three main groups may be recognized. (1) Benzpyrene, the 
original carcinogenic hydrocarbon isolated from tar. (2) The benzan- 
thracene group; 1:2 benzanthracene is practically inert, but 1 :2:5:() 
dibenzanthraccne is extremely pottmt. (3) The cholanthrene group, 
which is benzanthracene w ith the addition of a fi\ e-meinbered ring. 

Any of these agents can produce either carcinoma or sarcoma at the 
site of application. If applied to an epithelial surface carcinoma 
develops, if injected subcutaneously sarcoma is the result. By this 
means it has been possible to prcKluce carcinoma of the skin, kidney, 
liver, testis, bladder, and uterus, as w'^ell as sarcoma of the subcutaneous 
tissue and peritoneum. Brain tumors (gliomas) can be produced by the 
intracerebral implantation of pellets of methylcholanthrene. It is of 
great interest to note that when embryonic tissues are transplanted 
with a cry stal of methylcholanthrene to adult animals they become 
carcinoma or sarcoma in from one to two months (Greene). 

When fibroblasts from the rat or mouse are grown in tissue culture 
in a medium containing a powerful carcinogenic chemical, such as 
methylcholanthrene, they are changed into cells which arc similar to 
the cells in cultures of sarcoma induced by injection of the carcinogen 
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into subcutaneous tissue (Earle and VoegtHn) . Moreover sarcoma can 
be produc^ by the injection of cells so treated (Earle). The change 
is irreversible. It is not difficult to make normal cells and their 
descendants cancerous either in vitro or in vim. Unfortunately we 
have not yet learned how to make cancerous cells normal again. 

It has long been believed that the carcinogenic agent had to act for 
a prolonged period of time in order to produce its effect. In 1939, 
however, Mider and Morton showed that a single application of methyl- 
cholanthrene can cause skin cancer, and more recently Cramer and 
Stowell found that single applications of methylcholanthrene at inter- 
vals of several weeks produced cancer with smaller doses than when 
the classical continuous method was used. They suggest that injury 
to the epithelium results in the liberation of substances which stimulate 
the cells to proliferate over a prolonged period. 

It must not be supposed that the only potent carcinogenic agents 
are the hydrocarbons. Clinical observation has long shown that 
arsenic has carcinogenic power when taken as a medicine for too long 
a period. So simple a substance as zinc chloride can induce the growth 
of so complicated a tumor as a teratoma when injected into the testicle 
of a rooster. The spirocheta pallida is well known to act as a carcino- 
genic agent when located in the tongue. 

A carcinogenic agent of extraordinary potency was discovered by 
accident in the course of testing the toxicity of a new insecticide acetyl 
acetaminofluorine. This substance when implanted in the tissues 
causes neither inflammation nor tumors, but when given by mouth to 
rats it produces cancer of the liver, pancreas, breast, bladder, lung 
and salivary glands, as well as sarcoma and leukemias (Bielschowsky). 
The thyroid escapes, but when the chemical is combined wdth thiourea, 
which itself produces intense hjT)erplasia but no cancer, the result 
is carcinoma. This seems to indicate that hyperplasia, whether or 
not caused by chemical carcinogens, appears to be a necessary factor in 
the development of cancer. 

It might be supposed that the exogenous carcinogens directly stimu- 
late the cells to multiply. Tliis is not the case. Such agents as di- 
benzanthracene first produce destruction of cells, which is followed by 
repair (Wolbach). There is a period of hyperplasia, which precedes 
tumor development. It is not possible to trace the transformation of 
normal into malignant cells. A new race of cells appears quite suddenly 
in the area involved. Murray and Woglom have demonstrated the 
interesting fact that the tissue may apparently be malignant before 
any structural change can be detected. They tarred a mouse for four 
months; at the end of that period the skin showed no change. The 
epithelium wjis then removed and transplanted into another animal, 
and typical carcinoma developed. 

The experimental work with the exogenous carcinogens agrees with 
clinical obser^^ation that those exposed to certain external agencies are 
liable to develop cancer of external parts. Persons exposed for long 
periods to brilliant sunshine or inclement weather may develop cancer 
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of the skin. The same is true of workers with a?-rays and radium. 
Chimney sweeps and ‘'mule-spinners” develop cancer of the scrotum 
owing to carcinogenic substances which saturate the trousers. Internal 
organs may also be affected, as in the case of aniline dyes, which are 
ingested or inhaled and are excreted in the urine, producing cancer of 
the bladder. 

These facts serve to explain the existence of what has been called 
social cancer. It is evident that the incidence of cancer in the parts 
mentioned (including the lip cancer of fishermen) will be higher in 
members of the working classes. The upper part of the digestive tract 
must be included in this group. Some years ago the male population 
in England was divided into 5 social classes, and it was found that in the 
organs exposed to the exogenous carcinogens, including the digestive 
tract from the mouth to the pylorus, the cancer incidence was highest 
in the lowest social class and fell with a regular diminution through the 
other social classes to reach the lowest incidence in the highest social 
class. In the case of other organs, including the lower digestive tract, 
there was no relation of cancer incidence to social status. (Fig. 119.) 

The high incidence of gastric 
cancer may be due to chemical 
or mechanical insults or to de- 
fective oral hygiene. 

Cancer of the stomach in 
man is extremely common, 
but cancer of the stomach in 
animals is remarkably rare. 
In 1913 Fibiger was awarded 
the Nobel prize for having 
succeeded in producing gastric 
cancer in rats by infecting 
them with a nematode worm 



Fig. 119.--Cancermortelity by social cla^es^ subsequently nametl Spirop- 
(Regi.'itrar-General s Decennial ouppl. England . i p ^ 

and Wales. 1921.) tcra neoplastica; imestation 

was accomplished by feed- 
ing the rats with cockroaches which were the intermediate host of 
the worm. This was an epoch-making achievement, for it was the 
first time that cancer had been produced at will in an experimental 
animal. Unfortunately it was shown some twenty years later that the 
lesions supposedly produced by the worm, namely, squamous meta- 
plasia of epithelium and formation of papillomata, were in reality due 
solely to vitamin A deficient diet of white bread fed to the rats, that 
the cockroaches and worms played no part in the process, and that 
the lesions were not true examples of malignancy (Passey, Leese and 
Knox). 

Nutritional deficiency may prove to be a carcinogenic factor in some 
instances. C'opeland and Salmon kept rats for prolonged periods on a 
choline-deficient diet. Of these animals no fewer that 58 per cent 
developed some type of malignant tumor. In 40 per cent of animals 
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there was carcinoma of the liver, in 38 per cent carcinoma of the limg, 
whilst still others developed sarcoma and hemangioendothelioma. 
Here, as in the case of the chemical carcinogens, the primary change 
appears to be degeneration, followed by cellular regeneration and hyper- 
plasia which passes into neoplasia. 

Trauma is often accused of being an exogenous carcinogenic agent, 
nearly always (perhaps always) falsely. No tumor has ever been pro- 
duced experimentally by a single trauma, even in animals with a high 
cancer incidence. Sarcoma of bone is often traced back to an antece- 
dent trauma, but if such a causal relationship exists it is strange that 
the innumerable fractures of bone are never followed by sarcoma. In 
compensation cases a true history of trauma preceding the appearance 
of a tumor is often forthcoming. This can be explained in two ways. 
(1) The trauma, by causing pain and bruising, draws attention to the 
presence of a tumor (in the breast, etc.) previously unnoticed. Hemor- 
rhage into the tumor may cause it to swell quickly, and this may be 
followed by more rapid growth. (2) Coincidence, seeing that both 
injury and tumors are so common. The possibility that a traumatic 
lesion can form the starting point of cancer cannot be denied. Special 
monographs have been devoted to this difficult subject. 

Experimental evidence, however, suggests that trauma may act in 
conjunction with a carcinogenic agent. Thus tumors have occurred in 
healed or healing wounds in mice undergoing tar painting; this is 
known as the Deelman phmorneiiori. When deep excisions of skin are 
made in areas treated with benzpyrene, both benign and malignant 
tumors may develop (MacKenzie and Rous, Pullinger). In one case 
which came under my notice a patient with Paget^s disease of bone sus- 
tained a severe injury to the right shoulder, which was followed in the 
course of a few months by the development of bone sarcoma at the 
site of injury. Patients suffering from Paget’s disease have a marked 
tendency to develop bone sarcoma. There is on record the case of 
two identical twins, one of whom was struck on the left testicle by a 
plank; this was followed by the development of a malignant tumor 
of the testicle. A few years later the other twin developed a similar 
type of tumor also in the left testicle. In this and other instances it 
is possible that trauma and predisposition may act in conjunction. 

Endogenous Carcinogenic Agents.— At first sight there may appear 
to be no connection between the exogenous and the endogenous factors. 
But a structural correlation exists between the chemical carcinogenic 
hydrocarbons and the sterol group of natural products. There seems 
to be an inherent tendency for the sterol molecule to pass into the 
cholanthrene ring system. While the work on the carcinogenic hydro- 
carbons was going on, organic chemists were investigating bile acids, 
the sterols such as cholesterol, and the sex hormones, and soon it became 
evident that the basic structure of these very different substances was 
fundamentally similar. All of them possess the condensed-carbon-ring 
skeleton known as the phenanthrene nucleus, and this nucleus is also 
present in the benzpyrene, benzanthracene and cholanthrene groups of 
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carcinogenic hydrocarbons. We have already seen that methyl- 
cholanthrene, which from its structure is seen to belong to the sterols, 
can be produced from bile acid by a series of processes which might 
well occur in the body. It becomes evident, then, that there is a struc- 
tural relationship between the chemical carcinogenic compounds and 
the normal constituents of the body, and we must admit that it is theo- 
retically possible for carcinogenic agents to be produced within the 
body as the result of disordered metabolism affecting the sterols, 
bile acids or sex hormones. 

It appears probable that human organs may contain carcinogenic 
substances. Thus extracts of human liver when injected into mice 
produce malignant tumors in a small percentage of cases (Kleinenberg 
et aL). This percentage is much increased if the liver extract is made 
from patients dying of cancer. It is of interest to note that liver 
extracts of native Bantus when painted on the skin of mice produced 
benign and malignant growths, whereas no tumors were produced by 
non-cancerous European liver extracts (Des Ligneris). The latter 
work is based on the fact that the Bantu natives show a high incidence 
of primary carcinoma of the liver. 

As the sex hormones bear a close structural resemblance to the 
carcinogenic hydrocarbons it might be deduced that their physiological 
activities are also similar. Such indeed proves to be the case. Certain 
of the hydrocarbons such as benzpyrene are able to replace the female 
sex hormone, whilst the administration of estrin may result in cancer. 
Thus carcinogenic substances can be estrogenic, and estrogenic sub- 
stances can be carcinogenic. Estrin does not act locally on the skin 
or subcutaneous tissue like the carcinogenic hydrocarbons; it acts on 
the mammary epithelium which is normall\' under the influence of 
ovarian stimulation. Lacassagne has shown that if estrin is injected 
from birth onwards into a strain of mice which have a natural tendency 
to develop mammary cancer, the incidence of that tumor is very 
greatly increased, and even in male mice of the same strain mammary 
cancer can be produced, although the natural occurrence of this tumor 
in the male is almost unknown. Even when the hormone is painted 
on the skin it produces its characteristic effect on the breast. It is 
important to note that if mice of a non-cancerous strain are used, the 
hormone is powerless to produce cancer. In this case, therefore, heredi- 
tary^ influence is more potent than hormonal influence. Removal of 
the ovaries at an early age in mice of a high cancer strain will prevent 
the occurrence of spontaneous mammary cancer, but administration 
of estrin will cause cancer to develop. Carcinoma of the cervix has 
also been produced by the prolonged administration of estrin. 

The so-called organizers of the experimental embryologist are 
related in chemical structure to the sex hormones and the chemical 
carcinogens. Although the organizer is concentrated in one particular 
area, it exists in masked h^rm in all parts of the embryo, probably in 
combination with a specific protein, and the occurrence of the type of 
tumor known as the teratoma may be due to this combination being 
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broken down (see page 313). It is possible that a masked carcinogen 
becomes similarly liberated under abnormal conditions of metabolism. 
For further information on the subject of organizers in relation to 
carcinogenesis the reader is referred to Needham’s book. Biochemistry 
and Morphogenesis, 

The Exciting Cause.— We have already seen that carcinogenic 
agents, in spite of their name, do not actually produce cancer; they 
induce a state (precancerous state) in which cancer suddenly develops. 
At this stage, as Cramer puts it, the scene changes from the exterior 
to the interior of the cell. The precancerous stage affects a large area, 
as in tarring of the skin, but the irreversible intracellular change which 
constitutes malignancy usually involves only a few cells, although in 
some cases, as in cancer of the human skin, several separate foci of 
origin may be observed. As regards the preparatory cause or causes 
(carcinogenic agents) cancer is many diseases, but in respect to the 
immediate cause (the biological change in a cell when it becomes 
malignant) cancer seems to be a single disease. There are many 
methods of starting a fire, but the spread and maintenance of the fire 
is due to the liberation of potential energy locked up in the constitution 
of the inflammable material. There is a difference between starting 
and continuing. The fire continues when the remote cause has been 
removed, and the same is true of cancer. In this respect cancer differs 
sharply from bacterial disease, in which recovery follows removal of 
the infective agent. 

Almost nothing definite is known about the immediate cause or the 
mechanism responsible for perpetuation of the process. Two possible 
factors deserve consideration, intracellular enzymes and filterable 
viruses. In relation to enzymes the work on the production of carcin- 
oma of the liver by dimethylarainoazobenzene, the benzene-like dye 
known as butter yellow because of its color, is of special interest. 
When this dye is given by mouth to rats fed on a diet of rice and a little 
carrot, liver cancer regularly develops (Sasaki and Yoshida). If, 
however, yeast or liver powder is added to the rice diet, no cancer 
occurs, (Sugiura and Rhoads). These substances are rich in those 
vitamins of the B complex which are active in enzyme systems that 
carry on intracellular oxidation. This is the first instance in which 
experimental cancer has been prevented by a dietary constituent. 
The protective agents proved to be casein and riboflavin. Rhoads 
and his co-workers found that the administration of butter yellow 
caused a sharp fall in the amount of certain enzymes in the liver cells, 
whereas this fall was entirely prevented by the inclusion of yeast in 
the diet. The deficiency was due not to a lack of vitamin but to 
inability of the vitamin to function. Rhoads suggests that normal 
cell reproduction depends on the operation of enzymes which are 
conjugated proteins, i. e,, a protein linked with a vitamin, and that 
a carcinogenic chemical may take the place of the vitamin, the ab- 
normal enzyme leading to the production of abnormal cells (cancer), 
whose descendants are also abnormal, and are beyond the control 
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forces which normally limit growth. It is thus possible that cancer 
cells may develop by a process of adaptation to an unfavorable environ- 
ment, and in this connection it is worthy of note that malignancy is 
often preceded by d^nerative and destructive processes followed by 
cellular regeneration. 

Cancer cells sometimes seem to have the power of liberating sub- 
stances like enzymes which can incite continuous growth, causing 
normal cells to assume the properties of malignant cells. In some 
cancers, as in carcinoma of the bowel, one can almost see this process 
going on under one’s eyes, for the cells lining one part of a gland may 
appear normal whilst the adjoining cells may be frankly malignant. 

Filterable viruses have for long been regarded by some workers as 
an important factor in the causation of at least certain forms of cancer, 
and fresh evidence accumulates in support of this view. The virus 
may be regarded as a self-perpetuating principle contained within the 
cell but separable from it. In order to transfer a tumor from one animal 
to another, living tumor cells must be implanted into the second animal. 
In 1910, however, Peyton Rous made the revolutionary observation 
that if an emulsion of a certain fowl sarcoma was passed through a 
filter and the cell-free filtrate inoculated into another fowl, a new 
tumor was produced derived from the cells of the second bird, not 
merely a continuation of the tumor of the first bird. Although the 
tumor is a sarcoma it has been shown by means of tissue culture that 
the cell attacked by the Rous agent is the macrophage, and that the 
tumor arises by a malignant transformation of this cell. The filter- 
passing, self-perpetuating agent w^hich is contained in cells and can be 
transmitted to other cells is generally regarded as a virus, but it is 
evident that it also has the properties of an enzyme. Similar agents 
have been found in many other connective tissue tumors of birds. 
Lucke has described an adenocarcinoma in the kidney of the frog, 
containing prominent intranuclear inclusions and apparently due to a 
virus. In 1933 Shope showed that a cutaneous papilloma (benign) in 
the western cotton-tail wild rabbit was caused by a virus. Inoculation 
of the virus into the domestic rabbit produced aggressive papillomas, 
which frequently became cancerous in a few months and set up metas- 
tases. It should be noted that the filterable agent w^hich is readily 
obtained from the benign lesion in the cotton-tail rabbit can no longer 
be found in the malignant lesion of the domestic rabbit. It seems to 
be bound to the cell in some way. This may have some bearing on 
the fact that transmissible agents have not been found in the malig- 
nant tumors of man and other mammals. The transmissible agent of 
filterable tumors is labile in fresh tissue and storeti filtrate, but when 
the tissue is dried rapidly the agent is singularly stable; in one tumor 
kept in the dry state, the agent was as active as ever at the end of 
twelve years. 

Duran-Reynals in a series of papers has demonstrated the fact that 
the age of the animal at the time of inoculation profoundly influences 
the type of reaction produced by the Rous virus. Moreover when the 
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fowl virus is injected into ducks within one day of hatching and into 
turkeys within ten weeks of hatching malignant tumors develop. Anti- 
bodies to the virus develop in the adult bird, so that chicks may be 
protected against the Rous sarcoma virus by serum from adult chickens. 

Epithelial virus diseases may be pustular or proliferative in type. 
The reaction may be the former in one animal and the latter in another 
kind of animal. In sheep-pox the skin lesions are exudative, whilst 
the visceral lesions are highly hyperplastic. The type of animal may 
determine whether the growth response is to be benign or malignant^ 
as in the case of the Shope papilloma virus. The development of 
malignancy may be accelerated by painting the skin with a carcino- 
genic agent, or by the action of a hormone in the case of the Bittner 
milk virus which produces carcinoma of the breast in mice (see below). 

Rous points out that carcinogenic viruses differ from chemical carci- 
nogens in the following respects: (1) The viruses are specific in their 
action, each invariably producing one type of growth, i. e., papilloma of 
the skin in the rabbit, adenocarcinoma of the kidney in the frog, fibro- 
sarcoma in the fowl. No known chemical carcinogen produces only 
one kind of tumor, and some, indeed, are pancarcinogens. (2) Multi- 
plication of the virus is coterminous with the growth of the tumor it 
produces, whereas the chemical carcinogen initiates the growth, but 
may then be removed without affecting the continued development of 
the tumor. The relationship of the virus to the tumor is therefore 
much more intimate than in the case of the chemical carcinogens. 
(3) The carcinogens produce tumors in a wide variety of animals, 
whereas the viruses only produce tumors in the species of animal from 
which they have originally been isolated. (4) Ordinary carcinogens 
bring about tissue conditions out of which tumors may arise, whereas 
the viruses initiate tumors as well as determining their character. 

Experiments suggest that exogenous and endogenous factors may 
work together, cutting down the time needed for the production of 
cancer. This is not surprising. Rous has shown that if the skin of a 
rabbit is first tarred for one or two months, and the virus of the Shope 
papilloma is then injected intravenously, the process is speeded up to 
an incredible degree, and after the normal incubation period of the 
virus (about two weeks) a highly anaplastic carcinoma develops in a 
few days which kills the rabbit in two or three weeks. 

Susceptibility.— The action of a carcinogenic agent, whether exo- 
genous or endogenous, is not suflScient to produce cancer. There 
must also be susceptibility to the agent on the part of the tissues. 
In animals of mixed strains the action of carcinogens is not uniform; 
some develop cancer, others do not. The difference is much more pro- 
nounced in the case of inbred strains, i. e., strains which are bred to 
accentuate a natural susceptibility or a natural resistance to cancer. 
Maude Slye and many others have shown that inbreeding can bring 
out not merely general susceptibility to cancer but also organ sus- 
ceptibility. A race of mice can be bred all of which will die of cancer of 
the breast. It has been truly said that pure strains of animals of knowm 
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hereditary tendencies are as important for cancer research as pure 
chemicals are for the chemist. If the degree of susceptibility is not so 
extreme, it will be brought out by employing the appropriate carcino- 
gen. The ease with which a tumor may be induced experimentally 
depends on the genetic make-up of the host. Susceptibility conditions 
the action of every carcinogenic agent, whether it is exogenous or endo- 
genous in type, but susceptibility plays a much more important part 
in the case of an endogenous agent such as a hormone which is always 
present. When the agent is an exogenous one its presence or absence 
is of much greater importance than the genetic constitution of the 
animal. 

To picture the basis of susceptibility to cancer is naturally supremely 
difficult, but Cramer and Horning suggest that in the case of mammary 
cancer in mice there is hormonal imbalance between the ovary and 
pituitary, and that this imbalance can be restored by the injection of 
the thyrotropic hormone of the anterior pituitary with pre\x‘ntion of 
the cancer. They also obser^'ed that when estrin is used experimentally 
to produce cancer of the breast it affects the entire endocrine system, 
causing hypertrophy of the anterior pituitary and islets of Langerhans, 
atrophy of the thyroid, and a peculiar “brown degeneration’' of the 
adrenal. Of special interest is the fact that this brown degeneration was 
observed to occur spMJiitancously in a strain of mice with a high in- 
cidence of mammary cancer before the appearance of the cancer. In 
a family of rabbits with a high incidence of spontaneous mammary 
carcinoma Greene obser\*ed the same changes in the pituitary, adrenal 
and endometrium as were produced by long-continued administration 
of estrin. All this suggests, however vaguely, that ‘^susceptibility’’ 
may have a structural basis in the endocrine system. 

The work of Bittner and also of Little suggests that there may be 
some maternal influence above and beyond inherited susceptibility. 
Bittner found that when newborn mice of a high cancer strain were 
fostered with mothers of a low cancer strain the tumor incidence was 
greatly reduced. Conversely newborn mice of a low strain when fos- 
tered by mothers of a high strain showed an increased incidence of 
cancer. Apparently some influence is transmitted through the mother’s 
milk which determines the incidence of breast carcinoma. There 
seems now to be no doubt that this influence is a filterable virus, and 
that once it invades the body, it can be transmitted to the offspring. 
ITiis brings up the question of the possible danger of a woman with a 
family history of breast cancer nursing her babies. 

Heredity plays an imp)ortant part in experimental work in the 
laboratory. The inherited state is an unstable cell system confined 
to one organ or tissue; this system may break down because of func- 
tional strain or an unfavorable enviromnent. To apply the experi- 
mental results to man is a task of great difficulty for obvious reasons, 
but the feeling is growing that the genetic factor is of real imi)ortance 
in human cancer. The occurrence of “cancer families” has long been 
described in the literature. There are families in which cancer appears 
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in every generation; when resistant strains marry into the family the 
offspring develop cancer. Here the tendency to cancer is dominant, 
and in some families every member will die of the disease if he lives 
long enough. Records of so-called cancer families are to be found in the 
literature. Broca describes a family of 26 members in three generations 
of whom 16 died of cancer. In the family reported by Warthin and 
brought down to 1936 by Weller 41 persons developed cancer out of a 
population of 305. As only 174 have attained the age of twenty-five, 
the cancer incidence is 23.6 per cent in those reaching that age. It ia^ 
of great interest to note that 26 of the cancers were in the gastro- 
intestinal tract and 15 in the endometrium. From the practical stand- 
point it may be said that the occurrence of an occasional tumor or 
tumors of different types in a family is of little significance, but that 
the frequent occurrence of one type of tumor points to a strong hered- 
itary cancer disposition. 

Age may be considered in connection with susceptibility. Cancer 
is predominantly a disease of middle or old age, although some forms 
occur at a much earlier age. At least 50 per cent of the cases occur 
over the age of sixty years, although this age group forms only a small 
fraction of the total population. This is not due to senility of the 
cells, for cancer cm be induced as readily in a young animal as in an 
old one. It seems to be due to the fact that under natural conditions 
the preliminary process of preparation occupies a long period. When 
this preparation is due to such an endogenous agent as the female sex 
hormone, it is obvious that the resulting cancer cannot be expected to 
occur in the young. Yet in families with a high natural incidence of 
breast cancer, the age of onset of that disease is much earlier than in 
the general population. 

There is a group of malignant tumors which occur in early life or not 
at all. These tumors, which may be present at birth or develop in 
early infancy, appear to be of congenital origin, and are dependent on 
some error of development in the organ involved. They occur in the 
retina, kidney, adrenal, and central nervous system. None of these 
tumors (retinoblastoma, neuroblastoma, Wilms' tumor, etc.) resemble 
adult carcinoma; evidently the mechanism of carcinogenesis is differ- 
ent from that of adult tumors. 

The theory of cell rests may be invoked to explain these congenital 
malignant tumors. Cohnheim originally suggested that misplaced 
groups of cells or ‘‘rests” may act as the starting point of a tumor, 
because such cells are in an abncnnal en^’ironment. These embryonic 
displacements are quite common, but tumors rarely arise from them, 
and it is doubtful if the Cohnheim theory deserves the popularity it 
has so long enjoyed. 

When one considers the multiplicity of carcinogenic agents it is 
easy to agree with Rous' remark that every animal possesses a myriad 
of potentialities for tumor formation, and only by good fortune do 
most human beings slip through life without the realization of a single 
one of them. If the individual chews betel nut in Siam, or warms 
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himself with a kangri in Kashmir^ or paints luminous watch dials in 
the United States he may spring the trap which is already set for him. 

fainumity to Cancer.— Many facts are known about resistance to 
cancer, but at present they are confusing and cannot be coordinated 
into a whole. It might be thought that if a person showed suscepti- 
bility to cancer by developing the disease in one organ, the same 
would happen in other organs. This is not the case. There may be 
multiple malignant tumors of the skin or the large intestine, but 
multiple malignancy in different organs is uncommon. This possibly 
explains how’ it is that the total incidence in both sexes and various 
countries remains the same, though the incidence in different organs 
may vary widely; a high incidence in one organ seems to balance a 
low incidence in another. Cancer of the alimentary tract in women 
is uncommon, w^hilst cancer of the reproductive organs is very common ; 
in men the reverse is true. In Holland cancer of the breast and uterus 
is only one-half as common as in England, but gastro-intestinal cancer 
is much more common. In Japan cancer of the breast is rare and 
cancer of the uterus is common. The total incidence of cancer is 
about the same in all three countries. In animals immunity to cancer 
may be acquired as well as natural. An animal which has developed 
a tar cancer cannot develop another as the result of a secondary tarring 
even though the first tumor be removed; the tissues seem to have 
undergone some mysterious change. Nor can tar cancer be induced 
in an animal with spontaneous cancer; it also is immune. But tar 
cancer can be produced in an animal with a transplanted tumor, and 
a tmnor can be transplanted into an animal with a tar cancer. 

Spontaneous Cure.— Many cases have been reported in which a 
cancerous tumor has apparently undergone spontaneous cure. Most 
of these should be regarded with very grave suspicion. Unless biopsy 
has shown unequivocal cancer, the case is worthless. Occasionally, 
however, the evidence is so well attested that to reject it flatly appears 
to be unscientific. One such case is reported by Kellogg Speed. A 
young man suffered from an osteogenic sarcoma of the leg, which was 
amputated. Within ten months he developed pain in the chest, 
bloody sputum, and there was a;-ray evidence of pulmonary metas- 
tases. The patient w^as perfectly well thirteen years later. Such a 
case would make the fortune of a quack cancer cure. 

The occurrence of cancer in a person or animal appears to depend 
on the operation of the two factors, carcinogenic stimulus and sus- 
ceptibility, to which may be added a third factor, time, which varies 
inversely with the strength of the stimulus and the degree of suscepti- 
bility. It is shortest when a powerful stimulus is applied to a very 
susceptible animal, and longest when the other two factors are weak. 
If the stimulus acts with sufficient intensity and duration it may act 
almost alone. On the other hand susceptibility may be so marked 
that neither stimulus nor time seem to matter, as in the family de- 
scribed by Lescheziner where a mother and three daughters died of 
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cancer of the breast at the ages of twenty-two, twenty-one, nineteen, 
and fourteen years respectively. 

To sum up this discussion of carcinogenesis, using the term in its 
wide sense as including both experimental and human cancer, there 
are three main factors: the carcinogenic agent (exogenous or hormonal), 
susceptibility (determined by heredity), and the time factor. Cancer 
can arise when the susceptibility is high and the carcinogenic stimulus 
is weak, or when the susceptibility is low and the carcinogenic stimulus 
is strong. The time period is shortest when the susceptibility is high 
and the stimulus is strong; it is prolonged when both factors ha\^ 
low values. It follows that when cancer appears at an early age both 
factors have high values; when it appears late in life both factors have 
correspondingly low values. For a discussion of these and many other 
related subjects the reader is recommended to study Cramer’s ex- 
cellent paper published in 1942. 

Transplantation of Tumors.— All the earlier experimental work 
on tumors dealt with the transplantation of a spontaneous tumor from 
one animal to another. This was before tumors could be produced at 
will. The mouse was chiefly used, as it often suffers from spontaneous 
cancer of various types. In the past it has only been possible to trans- 
plant a tumor to another member of the same species, and because of 
this strict specificity it was not possible to work with human material. 
Greene has overcome this difficulty by employing the anterior chamber 
of the eye, and has succeeded in transferring human cancer to rabbits 
and guinea-pigs. This has made it possible to bring human cancer 
within the range of experimental investigation. The new tumor is not 
cfomposed of cells of the animal in which it grows but of the proliferated 
tumor cells of the animal from which it was originally taken. The host 
animal merely acts as a culture medium for the tumor cells of the 
original animal. By continued passage a tumor can be kept growing 
forever; like the germ plasm it is immortal. 

Is Cancer Increasing?— This question, so often asked, is not easy 
to answer without giving a false impression. Undoubtedly there 
are many more deaths from cancer than there used to be. In Canada 
in 1901 the cancer death rate was 46.8 per 100,000; in 1921 it had 
risen to 75 per 100,000 an increase of 62 per cent. But in deciding 
whether the increase is real or apparent, such factors as the general 
age of the population have to be borne in mind. The larger the pro- 
portion of old people, the higher will the cancer rate be. The truth 
appears to be that cancer is increasing both actually and relatively 
because of the great saving of life in the early years. It may also 
be said that the cancer rate is an index of the public health organi- 
zation of a country; cancer is the legacy of preventive medicine. 
In the Vision of Mirza Addison describes the masses of mankind cross- 
ing the bridge of life which spans the river of death and falling into the 
dark flood below. In the bridge there are many traj^oors— infantile 
mortality, typhoid, malaria, smallpox— through which the unwary 
traveler may drop, but these seldom open now. So large numbers 
18 
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approach the end of the bridge and drop through a small number of 
wide doors^ such as apoplexy, coronary occlusion and, above all, cancer. 

THE EFFECT OF RADIATION ON TUMORS 

No aspect of the study of tumors is of more practical importance 
than the effect of irradiation, whether by roentgen-rays or the gamma 
rays of radium. Only the general principles can be indicated here, 
but each kind of tumor and indeed tumors of each individual organ 
have to be studied separately. The chief methods used are: (1) external 
radiation (roentgen-rays and radium), (2) surface application (radium), 
and (3) interstitial radiation (radium). For widespread malignant 
processes such as lymphosarcoma and leukemia roentgen-rays provide 
the more practical method. The use of properly screened gamma rays 
avoids necrosis, but permits the specific selective action of the rays on 
the tumor cells. As Colwell remarks: “The aim of all modern radio- 
therapy is to eliminate this indiscriminate caustic action, and by 
adequate filtration and graduated exposure to administer such doses 
as shall have the maximum destructive effect upon the neoplastic cells 
with the minimum of danger to normal tissues.*’ The effects of radia- 
tion depend partly on the action on the tumor cells, partly on the 
action on the tissues. 

1. Effect on the Tumor Cells.— The effect may be studied in tissue 
culture or in the body. This effect is twofold: (1) arrest of cell activ- 
ity, and (2) degeneration and destruction of cells. Actively growing 
and dividing cells are much more sensitive than ordinary cells. This 
is expressed in the “law of Bergonie and Tribondeau,’’ that the radio- 
sensitiveness of any tissue depends on its reproductive activity. 
The more numerous are the mitoses, the more sensitive is the tissue. 
It follows that granulation tissue, embryonic tissue, and undiffer- 
entiated rapidly dividing cancers are most radio-sensitive. Partial or 
complete degeneration of the cell occurs. The nucleus breaks up 
and undergoes chromatolysis, the cytoplasm becomes granular and 
vacuolated, the cell dies and disappears. It has already been sug- 
gested (page 251) that radiation interferes with the metabolism of the 
nucleoproteins of the nuclear chromatin, upon the activity of which 
cell division is dependent. The name of Strangeways of Cambridge 
must always be associated with the work on tissue culture of tumors, 
and Canti has made moving pictures of the cellular response to radia- 
tion which for drama and thrill equal any product of Hollywood. 
Many of the cells die a sudden death, and can be seen on the screen 
actually to “explode,” The degree of sensitiveness depends on the 
position of the cell in the mitotic cycle, the most sensitive period being 
'just before the commencement of mitosis. All the cells in the culture 
are never killed, even though the dose largely exceeds the therapeutic 
limit, but the lethal effect is much greater than would at first sight 
appear. When subcultures are made of the irradiated culture it is 
found that the remaining cells have lost their power of reproduction, 
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although this loss may not become apparent until the culture has 
passed through a dozen generations. As a result of this delayed effect 
all the cells ultimately die. 

Recent work shows that a primary effect of radiation on cells in 
tissue culture is a selective diminution in their respiration, while 
glycolysis remains constant. This interference with respiration is 
probably one of the chief modes of action of the rays. It is effected 
by action on the nuclear and cell membranes, by destruction of the 
mitochondria which are supposed to be concerned with cellular respi- 
ration, and by lack of oxygen supply due to vascular thrombosis. 
Thus the action of radiation on normal and neoplastic tissue is a com- 
plicated one, and not at all simple. 

Two types of effect may be obtained, depending on the method used. 
(1) Aviolytic degeneration and softening. This is best seen in ana- 
plastic undifferentiated tumors such as lymphosarcoma and Ewing’s 
tumor of bone, but by using appropriate screening a similar effect 
may be produced in cancer of the mouth, tongue, tonsil, and cervix 
uteri. (2) Growth restraint. Resistant tumors such as osteogenic sar- 
coma of bone when radiated over a long period may cease to grow, 
though failing to disappear. They have become quiescent, their 
malignancy is greatly diminished, and they can then be removed 
surgically with greater safety. 

2. EfEect on the Tissues.— Radiation acts as an irritant and produces 
an inflammatory reaction in the stroma of the tumor and in the sur- 
rounding tissue. An exudate is formed consisting of serum and cells. 
The cells are at first polymorphonuclear leucocytes, but these are 
replaced by lymphocytes, plasma cells, and eosinophils. These cells 
appear to play some part in a defense reaction. The fibroblasts are 
stimulated to proliferate and lay down collagen fibrils, so that a 
dense fibrosis is the result. Perhaps the most important reaction is in 
the vessels. Both the bloodvessels and lymphatics show a marked 
obliterative endarteritis, with the result that the lumen is either 
greatly narrowed or completely occluded. Thrombosis is common. 
The result of these vascular changes is twofold. (1) The lack of 
blood supply leads to degeneration in the tumor, and some of the 
cellular changes are due to ischemia rather than to the direct action 
of the rays. (2) The lymphatics and blood channels being closed, 
embolism is not liable to occur, so that the surgeon may safely postpone 
operating while irradiation is being carried out, and when the tumor 
is removed there is less chance of embolic spread of cancer cells. 

The part played by the tissue reaction explains some of the difficul- 
ties encountered in treatment. A cancer may be radio-sensitive, but 
when it invades bone it becomes radio-resistant. Rodent ulcer is a 
good example of this. The interstitial reaction is not able to take 
place in the non-vascular dense bone. Cancer of the breast responds 
rather poorly to radiation, because the breast is so rich in fat, and this 
tissue with its limited blood supply seldom shows a marked reaction. 
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' Radio-sensitWity.— 'The sensitivity or resistance of a tumor to 
radiation depends on a number of factors. 

1. Differentiation,— The more differentiated the cell? and adult the 
type of tissue, the more radio-resistant is the tumor. Grade 1 epi- 
dermoid carcinoma is an example. Innocent tumors are radio-resist- 
ant. Of course, this term is only relative. Growth restraint will 
occur even in an innocent tumor. Myoma of the uterus (fibroid) is 
an exception, for it reacts to radiation with liquefaction. The ana- 
plastic and undifferentiated highly cellular tmnors, especially those 
showing many mitoses, are highly sensitive. To this there are im- 
portant exceptions. Glioblastoma multiforme (a form of glioma), 
melanoma and neurogenic sarcoma may be very anaplastic and highly 
malignant, yet they are very radio-resistant. On the other hand, a 
slowly-growing tumor such as rodent ulcer with very few mitotic 
figures responds readily to radiation. By the method of micro-incine- 
ration it can be shown that the degree of radio-sensitivity of a malignant 
tumor depends on the inorganic ash content, i, e,, on the amount of 
inorganic material in the nucleus (Cathie). A careful distinction must 
be drawn between sensitivity and curability. Some of the most highly 
malignant are the most sensitive and the local tumor rapidly disap- 
pears, but extension of the tumor has already occurred and the patient 
dies of distant metastases. Examples are lymphosarcoma, highly 
anaplastic carcinoma (Grade 4), Ewing’s tumor of bone. This is the 
radiological counterpart of ‘‘the operation was successful but the 
patient died.” In a mixed tumor of the testicle (teratoma), consisting 
partly of embryonal and partly of adult tissue, the former is destroyed 
by radiation and the latter is unaffected, so that the tumor though 
biologically altered may not change in size. 

2. Stroma,— U the stroma is dense as in cartilage and bone, radiation 
has little effect. Osteogenic sarcoma of bone with its abundant 
stroma is very radio-resistant. Long-continued radiation, however, 
appears to lessen the likelihood of metastases. Ewing’s tumor of bone 
ancLall the other highly radio-sensitive tumors have a minimum of 
stroma. 

3. Nature of the Tumor Bed. ^Reference has already been made to 
the fact that when cancer cells invade bone or fat they become more 
resistant or at least more inaccessible. 

4. /n/ec<wm.— Infection bears a very important relation to radio- 
therapy. When tumors become infected they become more radio- 
resistant. At the same time interstitial radiation breaks down the 
resistance of the tissues to infection. The result is that unless infection 
of such a tumor as carcinoma of the rectum is reduced to a minimum 
by a preliminary colostomy, the effect of interstitial radiation on the 
tumor may be disastrous. 

5. Acquired Resistance,— li repeated inadequate doses of radiation 
are used the tumor becomes more radio-resistant. Adequate dosage 
is essential. 

Malignant tumors may be divided according to their radiosensitivity 
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into three main groups: (1) highly radiosensitive: lymphosarcoma, 
multiple myeloma, lymphoepithelioma (transitional-cell carcinoma), 
embryonal carcinoma; (2) moderately radiosensitive: epidermoid 
carcinoma, carcinoma simplex, depending in each case on the degree 
of anaplasia; (3) highly radioresistant: fibrosarcoma, osteosarcoma, 
neurosarcoma, melanoma, glioma, adenocarcinoma (except adenocar- 
cinoma of the thyroid). 

It is important to bear in mind that the microscopic structure of a 
tumor is only one of a group of features which determine its radio- 
sensitivity. In many tumors the nature of the tissue of origin out- 
weighs all other factors. Thus tumors of blood-forming tissues are 
sensitive, e. g., lymphosarcoma, multiple myeloma, endothelioma, 
angioma, while tumors of the neutral crest cells are resistant, e. g., 
glioma, neurogenic sarcoma, melanoma. Many tumors whose micro- 
scopic picture suggests that they are radio-sensitive show marked 
resistance. The gross character may be more important than the 
microscopic structure; thus malignant adenomas of the rectum and 
uterus can be destroyed by radiation when they are papillary in type, 
but not when they are infiltrating. The following clinical features 
may be much better guides to radio-sensitivity than the n\icroscopi(! 
structure: the anatomical site; the extent of the disease (especially 
regional metastases) ; the extent of infiltration ; the gross character of 
the tumor; the condition of the patient (one who is obviously sick as 
the result of the malignancy seldom does well under radiation). 

THE CLASSIFICATION OF TUMORS 

Much has been written regarding the classification of tumors and 
many classifications have been suggested. The most useful working 
method is to try to determine the tissue, the type cell, from which 
the tumor arises. This way may be easy or it may be difficult or im- 
possible. The most undifferentiated and anaplastic the tumor, the 
more difficult is it to recognize the type cell. In the description of the 
various forms of tumors some will only be referred to; these are more 
conveniently considered in connection with the organs from which 
they grow. 

The classification to be used is as follows: 

1. Connective-tissue tumors 

Fibroma 

Lipoma 

A. Innocent Myxoma 

Chondroma 

Osteoma 

r» 1 * * / Satcoma 

B. Malignant Qhordoma 

2. Muscle-tiasue tumors j ^hTdoryoma 

o A . j Hemangioma 

3. Angioma | Lymphangioma 
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4. Endothelioma 


5. Tumors of hemopoietic tissues 

A. Benign lymphoma 

B. Malignant lymphoma 

6. Pigmented tumors { JJXoma 


L 3 rmphosarcoma 
Hodgkin’s disease 
Leukemia 
Multiple myeloma 


7. Nervous-tissue tumors 


Glioma 

Neuroblastoma 

Retinoblastoma 

Ganglioneuroma 


8. Epithelial tumors 

A. Innocent 


Papilloma 

Adenoma 


B. Malignant Carcinoma 


f Hypernephroma 

9. Special forms of epithelial tumors < Chorionepithelioma 

[ Adamantinoma 

10. Teratomas 

CONNECTIVE-TISSnE TUMORS 


Innocent Connective-tissue Tumors 


Fibroma.— The type cell of the fibroma is the fibroblast. It is com- 
posed of fibrous tissue. The proportion of cells to collagen fibers varies 
greatly. Hard fibromas are acellular with abundant collagen. Soft 
fibromas are highly cellular. Of course, there are all grades. The 
more highly cellular the tumor, the nearer does it approach to malig- 
nancy. It might be thought that the fibroma would be a common 
tumor. On the contrary, it is quite rare in a pure form. 

Gross Appearance.— The gross appearance is that of an encapsulated 
rounde d tumor, firm , white in color, the cut surface being flat and 
intCTsectecTwith glistening bandsT Idicroscopically it presents inter- 
secting bundles of fibers between which are a varying number of 
fusiform cells. (Fig. 120.) 

Sites.— In the skin th ere may be hard or soft fibromas. As the latter 
arise from cutaneous nerv'es they will be considered in connection 
wdth neurofibromas. Fibrom^ of mucous membranes are found in the 
submucous coat of the stomach and intestines. They often project 
into the lumen and become pedunculated. Visceral fibromas occur in 
the ovary, kidney, and. other organs, usually remaining quite small. 
Fibromas growing from the nasopharynx may attain a large size and 
threaten the life of the patient. 

Fibroma of the abdominal wall is called a desmoid tumor (desmos 
band or fiber). It grows from the sheath of the rectus abdominis, 
and may attain a considerable size and invade the muscle. The 
muscle fibers enclosed in the tumor undergo a peculiar change with 
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the formation of multinucleated masses like foreign body giant cells. 
About 80 per cent of the cases occur in women who have borne chil- 
dren. In the remaining cases there is usually a history of trauma to 
the abdominal wall. 

Fibroma of neroe may be divided into cutaneous neurofibroma and 
neurofibroma of the subcutaneous and deeper nerve trunks. (1) The 
cidaneouLS neurofibroTna may be single, forming a firm and often very 
tender nodule in the skin. The tumor arises from the connective-tissue 
sheath of the nerve. 



Fio. 120. — Fibroma showing fibroblasts and fibers. X 400. 


Multiple neurofibromata constitute the condition known as von 
Recklinghausen's disease, or molluscum fibrosum. There may be 
hundreds of tumors. They usually grow from cutaneous nerves and 
form soft nodules in the skin, but they may grow from the deep nerves 
and cranial nerves. The skin is often pigmented in patches. Death 
is not uncommonly due to sarcomatous change in one of the tumors. 

(2) Neurofibroma of the deeper nerves grows from the subcutaneous 
nerves and the deeper trunks. It is much less common than the 
cutaneous form, but is of importance in that it has a strong tendency 
to become malignant. The condition is described more fully under 
the heading of Neurosarcoma or Neurogenic Sarcoma. A plexifom 
neuroma is a diffuse over-growth of the endoneurium of the nerves 
in the subcutaneous tissue. It is made up of coiled and thickened 
nerve trunks, many of which can be dissected out. The usual site 
is the head and neck. 

A JeZw’d or cheloid is not a true tumor but an excessive fOTmation of scar 
tissue." Tt is a firm patchy I&is^d above the. surf ace of the skin, and it fends 
out claw-like procesfes as it grows. It is common in negroes, and some persons 
have an idiosyncrasy for the condition so that any scar may become hyper- 
plastic. If it is excised it usually recurs. 

Xanthoma.— Xs its name indicates, a xanthoma is a yellow tumor (xanthos^ 
yellow), and has the general structure of a fibroma. At least three- distinct 
forms can be distinguished. 
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1. Xanthelasmaf by far the commonest variety, is not a real tumor but a 
degeneration of the muscle of the eyelid. It occurs as small yellow nodules 
on the eyelid in elderly persons. 

2. Xanthoma muliipleXf also knov/n as X. diabeticorum, in which groups 
of yellow nodules are scattered over the surface of the body. It is associated 
with a high blood cholesterol (the yellow color is due to cholesterol), and is 
therefore found in diabetes and obstructive jaundice. 

3. Large xanthomas are rare tumors which occur in connection with tendon 
sheaths, and which may resemble giant-cell tumors. 

All of the tumors are of a bright yellow color. They consist of connective- 
tissue cells greatly distended with lipoid droplets (cholesterol ester) so that 
the cell has a pale and foamy app^rance. In addition to these “xanthoma 
cells*' there are fibroblasts and foreign body giant cells. The latter are espe- 
cially numerous in the single large tumors, and these tumors often contain 
much blood pigment. In some cases a striking feature is the so-called Teuton 
giant cells, which are characterized by a remarkable ring of nuclei right around 
the p)eriphery of the cell. They may be very numerous. I have not met with 
them in any other condition. 

In some forms of xanthoma the basis of the condition may be a general 
disturbance of lipoid metabolism associated with hypercholesterolemia. In 
others the defect may be intracellular, involving certain cells of the reticulo- 
endothelial system. 

Dermatofibroma.— In spite of its name, this is not a true fibroma of the 
skin. It is a small, hard, non-encapsulated lesion of the corium, usually occur- 
ring on the extremities. It is composed of large, irregular, fusiform cells running 
in many directions and interlacing. It may be highly cellular, or may have 
abundant collagen and few cells. An important feature is the ill-defined margin 
with infiltration of the surrounding tissue, and it is easily mistaken for mela- 
noma and neurofibroma. It may contain blood pigment, and by some workers 
it is regarded as a sclerosing hemangioma. The histological features arc well 
shown in Stecker and Robinson's paper, which reports 60 cases. 

lipoma.— A lipoma is a tumor composed oj fat. It is a common 
tumor, occurring mainly in the subcutaneous tissue of the neck, 
shoulders, back, and buttocks. Occasionally it grows from the mesen- 
leKc and retroperitoneal fat, and still more rarely from the submucous 
coat of the stomach and intestine where it may form a polypoid mass. 
The '‘diffuse lipoma"’ of the neck is not a neoplasm but a lipomatosis. 
A lipoma does not waste when the rest of the fat wastes in cachectic 
diseases. 

A lipoma is a soft, ci rcumscribed, lobulatedy encapsulgistMjtllinpr, 
easily shelled out. It is not attached to the deep fascia, but the 
overlying skin is often dimpled, owing to fibrous bands passing between 
it and the tumor. The lipoma is a very innocent tmnor, but retro- 
peritoneal and perirenal lipomas may rarely contain embryonic por- 
tions which grow rapidly and infiltrate. These tumors are called 
liposarcomas. 

litysnmia.— A myxoma is a connective-tissue tumor with the structure of 
umbilical cord. It very rarely occurs as a pure tumor, but mucoid or myxo- 
matous degeneration is common in connective-tissue tumors, both innocent 
and maliipant. The appearance of myxomatous degeneration in what appears 
to be an innocent connective-tissue tumor is always suggestive of a malignant 
change. A definite sarcoma showing myxomatous tissue is called a myxo- 
9 arcoma, The microscopic appearance is that of Wharton's jelly in the umbilical 
cord. Branched connective-tissue cells are scattered through a jelly-like or 
mucoid matrix. This material can be stained with mucicarmine. 
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Chondroma. —A chondroma is a tumor composed of cartilage. It is 
hard< Muish-gray in c olor, and translucent like normal hyaline carti- 
lagerTrEST^^ that it is well lohulated and so encapsulated 

that it is readily shelled out, make recognition easy. Microscopically 
it differs from normal hyaline cartilage in that the cells are arranged 
singly instead of in groups. (Fig. 121.) Being non-vascular it is very 
liable to myxomatous degeneration. It of tens becomes calcified. It 
grows from the ends of long bones in young persons, originating from 
the epiphyseal cartilage. When the bone stops growing, the tumor al^ 
ceases to grow and becomes calcified or ossified. These tumors also 
grow from the bones of the hands 
and feet, and from flat bones like 
the sternum and pelvis. The latter 
may attain a great size, and sar- 
comatous change is common. 

Cartilage is found in develop- 
mental tumors (embryornas) of the 
testicle and in mixed tumors of the 
salivary glands. These should not 
be called chondromas. IVIultiple 
chondromas (multiple cartilaginous 
exostoses) will be considered in re- 
lation to diseases of bone. 

Osteoma.— Xew formations of 
bone are common (callus of frac- 
tures, exostoses, etc.), but true 
osteomas, like true fibromas, are 
comparatively rare. The cancelhits 
osteoma is made up of cancellous 
bone. It originates from the epi- 
physeal cartilage as a chondroma, 
and though converted into bone a 
cap of cartilage covers the growing 
tip. As the bone grows in length 
the tumor becomes separated from 
the epiphyseal line. A suhvngual 
exostosis IS a cancellous osteoma 
which grows from the dorsal surface of the terminal phalanx of the 
big toe. It forces the nail up and causes much pain. A covipact osteoma, 
also called an ivory exostosis because of its hardness, grows from the 
vault of the skull. It is a sessile tumor which may press on the brain 
or invade the orbit. 

Malignant Connective-tisstte Tumors 

SarcoEia.— A sarcoma is a malignant tumor of connective tissue. 
It forms a large heterogeneous group, the limits of which should be 
greatly narrowed. Many tumors are called sarcoma although they 
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are not connective-tissue tumors nor do they behave like them. Such 
are lymphosarcomas^ melanotic sarcoma, myosarcoma. None of these 
will be considered here, and where possible the names should be 
changed. Owing to long-established usage, this is not always possible. 

The sarcoma group is being gradually limited. Chronic inflamma- 
tory conditions which used to be included are now regarded as granu- 
lomas. The same is true of certain forms of anaplastic carcinoma 
which may closely resemble sarcoma, e. g., carcinoma of the testicle, 
ovary, and thyroid. It must be admitted that the microscopic differ- 
entiation of sarcoma on the one hand and chronic inflammation and 
anaplastic carcinoma on the other is often extremely difficult. The 
spindle-cell forms resemble granulation tissue, and the round-cell 
forms resemble anaplastic carcinoma. It is not always realized by 
the student commencing the study of pathology that carcinoma is an 
infinitely more common malignant tumor than sarcoma. 

Malignancy. —The malignancy of sarcoma varies enormously. This 
adds to the difficulties of microscopic diagnosis. The more malignant 
forms are easily recognized as such, but as we approach the dividing 
line we encounter a picture which on the one hand may resemble a 
cellular fibroma and on the other hand granulation tissue. Only long 
experience will give the pathologist the feeling that a lesion is malig- 
nant, a feeling which he may find difficult to justify in words. With 
repeated removal of a recurring tumor the histological picture may 
alter markedly for the worse. 

Gross Appearance.— The sarcomas vary so greatly that no general 
description can cover the group, but they have certain points in 
common. A t>T)ical sarcoma has a fleshy appearance {sark, flesh). 
It forms a bulky mass which is more sharply demarcated from the 
surrounding tissue than is a carcinoma. The more cellular forms may 
resemble the white matter of the brain. The tumor varies much in 
consistence, but it is often soft like the brain. The cut surface is 
homogeneous, and this is one of its chief characteristics. But degen- 
erations are common, and these may interfere with the homogeneous 
character of the tumor. The growth of the tumor may outstrip its 
blood supply, with the result that a species of infarction occurs. 
Necrosis, mucoid or myxomatous softening, and actual liquefaction 
are frequent. The most common of these changes is hemorrhage from 
the abundant and very thin-walled bloodvessels. 

Microscopic Appearance.— The less differentiated forms are highly 
cellular and the stroma may be so scanty as to be indistinguishable. 
The more differentiation, the more abundant and characteristic 
does the stroma become. Thus in the osteosarcoma there is osteoid 
tissue or bone between the cells. The general histological arrange- 
ment of a sarcoma differs fundamentally from that of a carcinoma in 
the same way that connective tissue differs from epithelium. The 
cells of a carcinoma are arranged in groups separated by a stroma, but 
the stroma does not penetrate between the individual cells of the 
group. This is called an alveolar arrangement, and resembles that of 
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the epithelium from which the tumor arises. In a sarcoma, on the 
other hand, there is no alveolar grouping; the cells are uniformly dis- 
tributed, and are separated by a stroma. This may be very abundant 
as in bone sarcoma, or it may be so fine that it requires special staining 
methods to bring it out. Sarcoma cells have other mesoblastic char- 
acteristics. They tend to have poorly defined borders compared with 
carcinoma cells, and extensions of the cytoplasm form an intercellular 
matrix. Numerous blood vessels, often mere capillaries or sinusoids, 
penetrate the tumor, whereas in carcinoma the vessels are confined to 
the regular stroma which separates 
the groups of cells. Thus necrosis 
is more apt to occur in carcinoma, 
as the growth of cells outstrips that 
of the vessels. Sarcoma grows ex- 
pansively on this vascularframework, 
and it is small wonder that hemor- 
rhages are frequent. Carcinoma tends 
to grow rather by infiltration. Mito- 
tic figures are significant in mesen- 
chymal tumors, but much less so in 
epithelial tumors; they are often 
seen in inflamed and irritated epi- 
dermis. 

The type cell may be the fibro- 
blast, the osteoblast, the cartilage 
cell, etc. In the most undifferen- 
tiated forms the type cell cannot be 
recognized. We speak then of a 
round-cell sarcoma, spindle-cell sar- 

coma, etc. Many of tiiese tumors Fio. 122.-Phagocytio tumor giant eeU. 
are polymorphic, showing a variety x 600. 

of cells. Mitotic figures are very 

numerous in the rapidly growing sarcomas, scanty in the slowly grow- 
ing ones. Their presence is of great value in the differentiation from 
a cellular fibroma, but it must be remembered that mitotic figures 
may be present in rapidly growing granulation tissue. Tumor giant 
cells form a feature of some highly malignant sarcomas. If the tumor 
becomes infected the giant cells may phagocy tose many of the leuco- 
cytes, a rare occurrence. (Fig. 122.) 

Spread.— A sarcoma grows expansively so as to form a bulky mass, 
but it also infiltrates the surrounding tissue. The rate of growth varies 
greatly. Unsuccessful (incomplete) operative interference is often fol- 
lowed by a great increase in the rate of growth. A rapidly growing 
sarcoma may sometimes outstrip its blood supply, so that the tumor 
may halt and even retrogress. At this stage it may react to roentgen- 
rays or potassium iodide by a reduction in size. Infiltration of the sur- 
rounding tissue occurs. The tumor cells creep along the fascial planes, 
between the muscle fibers, through the Haversian canals of bone, etc. 
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Owing to this tendency removal is likely to be incomplete and recur- 
rence is very common. 

Distant spread takes place by the bloodvessels. The vessels are 
so abundant and so thin-walled, and the sarcoma cells so readily 
invade them that early blood dissemination is inevitable. Metastases 
are first formed in the lungs, but the tumor cells may pass through 
the lungs to any of the viscera. Owing to this early spread the lungs 
should be roentgeii-raj^ed for metastases even in what appear to be 
the most operable of sarcomas. Spread by lymph stream is uncom- 
mon, but may occur in from 5 to 10 per cent of cases. 

The sites of a sarcoma arc varied, since connective tissue occurs 
in every part of the body. They are especially common in bone, 
subcutaneous tissue, fascia, and muscle. 

Two methods may be used in the classification of the sarcoma. 
The first is cytological, ths second histological. In the first the tissue 
is named according to the form of cell which predominates, so that we 
have a round-cell (small and large) sarcoma, a spindle-cell (small and 
large) sarcoma, a mixed-cell sarcoma, and a giant-(‘ell sarcoma. This 
method is tlie refuge of the destitute, and should be avoided to the 
utmost of one’s ability. In the second or histological method the 
tumor is named according to the type of connective tissue from which 
it arises, so that we have a fibrosarcoma, osteosarcoma, chondro- 
sarcoma, etc. This is the only satisfactory method, but if differentia- 
tion has not gone sufficiently far it may not be possible. The inter- 
stitial tissue is often more characteristic than the cells of the tumor, 
i. e., it may be osseous, cartilaginous, collagenous, etc. 



Fiq. 123. — Fibrosarcoma. The cells are largo and fusiform. X 1000. 


Histological Types of Sarcoma.—!. Fibrosarcoma.— This is a spindle- 
cell sarcoma, the type cell being the fibroblast. (Fig. 123.) It is not 
really a common tumor, as used to be thought. Many malignant 
connective-tissue tumors formerly regarded as fibrosarcomas are now 
known to be neurogenic in origin, arising from peripheral nerves. 
The cells are fusiform, and may be .small or large, the latter being the 
more malignant type. Both the gross and the microscopic features 
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vary much, depending on the degree of anaplasia. In the anaplastic 
forms the tumor may be very soft, and the cells may be so slightly 
fusiform that the non-committal name of round-cell sarcoma is applied. 
The stroma varies. It may be very scanty, or abundant fibrils may be 
formed so that it may be difficult to distinguish the tumor from a 
soft fibroma. The presence of mitotic figures is one of the most valu- 
able points. Its behavior is that of a sarcoma of varying degrees of 
malignancy. ^ 

2. Neurosarcoma {Neurogenic ^Sarcoma).-- This is a tumor arising 
from the nerve sheath. It is a malignant form of neurofibroma. 
The tumor, which is not common and yet not rare, usually occurs in 
the subcutaneous and intermuscular tissue of the arm and leg. At 
first it is small and movable, and appears so innocent that it is excised 
under a local anesthetic with no attempt at wide removal. It reveals 
its true nature by promptly recurring. This may be repeated a 
number of times, until it is found that there are metastases in the 
lungs. In cases which are not touched growth may be slow and the 
tumor may remain localized for a long time. 



Fig. 124. — Neurogenic sarcoma, showing the fasciculated arrangement. X 300. 


At first the neurogenic sarcoma is localized, but with continued 
growth and especially on recurring in infiltrates the surrounding tissue. 
'Phe microscopic appearance is in general that of a fibrosarcoma, but 
the elongated cells are arranged in characteristic intertwining btmdles, 
fasciculi and whorls. (Fig. 124.) This appearance suggests the neuro- 
genic origin, but it may be very difficult to determine the question of 
malignancy. It is highly radio-resistant, a point of some value in 
differential diagnosis. 

3. Oslrmirmna (Osteogenic SarcoTrea).— This is one of the most 
important and common forms of sarcoma. The type cell is the osteo- 
blast, but it is by the intercellular substance (bone, cartilage) that it 
is most readily recognized. It is considered together with other bone 
tumors in Chapter XXXII. 

4. Cho 7 i^wsarcoma.~A chondroma may show evidence of malig- 
nancy (rapid growth, irregularity in the size and shape of the cells. 
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mitoses), and is then known as a chondrosarcoma. (Fig. 125.) It 
arises from a bone, often the sternum or pelvis, may attain a huge 



Fig. 125. — Choxidrosarcoma. Great irregularity in size of cells. Compare with Fig. 120, 
which has same magnification. X 240. 


size, and invades the bloodvessels causing pulmonary metastases. 
The distinction between a chondroma and tihondrosarcoma may be 
very difficult, and the pathologist may have to depend on the clinical 


Fio. 126. — Liposarcoma. Some cells have granular cytoplasm, others are filled with 

fat. X 610. 



course and the gross appearance (invasion, etc.) rather than on the 
microscopic picture. Myxomatous degeneration should arouse sus- 
picion. 
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5. Li'posarc(mui.~'T\a& tumor is by no means so rare as is commonly 
supposed; it is easily missed, especially if fat stains are not used. It 



Fig. 127. — Myxosarcoma. X 350. 


may occur wherever there is fat, but is commonest in intermuscular 
tissue, around joints, and in the retroperitoneal and perirenal regions. 
At first encapsulated, it tends to recur 
after removal and then becomes infiltra- 
ting, so that the prognosis is bad. The 
microscopic picture ^aries in different 
cases, and there may be a most confus- 
ing variation in a single tumor. The 
common cells are spindle cells and large 
polyhedral cells; the cytoplasm is gran- 
ular and may or may not contain fat, 
best shown, of course, by means of fat 
stains. The pale, swollen, polyhedral 
cells may resemble epithelial cells (Fig. 

126) and thus suggest secondary renal 
carcinoma (hypernephroma), a mistake 
especially likely to occur when the tumor 
is in bone. Cells resembling fetal fat cells 
may be present, and tumor giant cells 
are not uncommon. 

6. Myxomrcovia. is not a real 

group, but merely a mucoid or m\Tcoinat- 
ous degeneration of a sarcoma. (Fig. 

127.) The term is useful if it serv^es to Fm. 128.— Chordoma. The 
suggesttheominouscharacterof myxoma- vacuolated appearance of 

tous change in a connective-tissue tumor. 

7. Giani-cell Sarcoma ,— name is misleading because the tumor does 
not behave like a sarcoma. It never (or almost never) gives rise to metastases. 
The tumor grows from the ends of the long bones and from the jaw under the 
gum. It will be described in the section on Bones under the title Giant-cell 
Tumor of Bone. A similar tumor occurs in relation to tendon sheaths. 
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Chordoma.— This tumor arises from remnants of the notochord, a structure 
of hypoblastic origin. It occurs at the upper and lower ends of the vertebral 
column, because the notochord is enclosed in the bodies of the permanent 
vertebrae. At the upper end it grows between the pituitary fossa and the 
foramen magnum, while at the lower end it occurs in the sacro-coccygeal 
region. It is a very rare tumor of rather low malignancy which spreads by 
infiltration, and only in the end stages does it form metastases. The tumor, 
which may reach a large size, is elastic in consistence, and shows numerous 
areas of translucent chordal tissue separated by patches of hemorrhage. Micro- 
scopicaUy it consists of large clear cells closely packed together without any 
intercellular substance. The cells are distended with mucinous material, so 
that the tumor may be mistaken for a mucoid carcinoma. The cytoplasm, 
however, has a vacuolated appearance which is very characteristic. (Fig. 128.) 

MUSCLE-TISSUE TUMORS 

Just as there are two types of muscle, plain and striated, so there are 
two forms of myoma or tumors arising from muscle cells. These are 
the leiomyoma and the rhabdomyoma. To these a third form, the 
myoblastoma, must be added. 

Leiomyoma. — The leiomyoma (Jeios, smooth) is an innocent tumor of 
plain muscle. It is extremely common in the uterus, so much so as to 
constitute the conunonest tumor in the body. It is known clini- 
cally as a "‘fibroid” because of its fibrous appearance in the gross, 
in addition to which much fibrous tissue may be interspersed with the 
muscle. The special characters of myomata of the uterus will be 
considered in connection with diseases of that organ. Their age 
incidence coincides with the period of reproductive activity. They 
never appear before puberty nor start to grow after the menopause. 
The uterine tumors are usually multiple and may be extremely numer- 
ous; evidently there are multicentric foci of origin. Leiomyomata 
are curiously rare in other parts of the body which contain plain 
muscle. They may occur in the ovary, tubes, and broad ligament, 
in the alimentary canal where they often form polypoid masses which 
project into the lumen, and in the bladder and ureters. The muscular 
walls of the bloodvessels are immune. 

The gross appearance resembles that of a fibroma. The tumor may 
be of any size, from the very small to the very large. It is hard or 
at least firm, well encapsulated and easily removed. The cut surface 
presents a characteristically whorled appearance, due to interlacing 
bundles of fibers cut in various planes. Degenerative changes are 
common, such as hyaline and mucoid degeneration, softening, and 
sometimes complete calcification so that the tumor is converted into 
a mass of stone. 

Microscopically the leiomyoma consists of interlacing bundles of 
plain muscle fibers, separated by a varying amount of fibrous tissue. 
The cells may be distinguished from those of a spindle-cell sarcoma by 
the long rod-like nuclei and the absence of mitoses. (Fig. 129.) 

Occasionally a part of the tumor may become malignant, and is then 
called a malignant myoma or leiomyosarcoma. The nuclei are larger, 
the cells more active-looking, and mitotic figures can be seen. These 
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tumors seldom give rise to metastases, and may not recur after re- 
moval, so that they are usually not highly malignant. 

Rhabdomyoma. — The rhabdomyoma is a tumor of striated muscle (rhabdos, 
a stripe). It is curiously rare, indeed extremely so. Nor is it found where it 
might be expected, i, e., in voluntary muscle. A pure rhabdomyoma is the 
rarest of all, being practically confined to the heart. Striated muscle is found 
in embryomal tumors of the kidney, of the va^na of children, and of the 
testicle. In these tumors the muscle is mingled with other tissues. Only some 
of the cells are cross-striated. These mixed tumors are highly malignant and 
metastasize by the blood stream. 



Fla. 120. — Leiomyoma showing plain muscle cells. X 300. 


Myoblastoma.— This tumor of striated muscle was first described in 1926, 
but 50 cases were reported in the next eight years. The common sites are 
the tongue, larynx and skin, but it has also been found in the lip, upper part 
of esophagus, and leg. It consists of jHilygonal cells with characteristic highly 
granular cytoplasm. In addition there may be ribbon-like syncytial masses 
with granular cytoplasm. No cross-striations are seen. It is open to doubt 
if these tumors really arise from primitive myoblasts, as is generally believed, 
for they may occur in sites devoid of striated muscle. Moreover they are 
essentially benign, whereas true differentiated rhabdomyoblastomas are highly 
malignant. 

ANGIOMA 

An angioma is a tumor composed either of bloodvessels or lymphatics. 
The former is called a hemangioma, the latter a lymphangioma. The 
hemangioma is much the more common, and is commonly referred to 
as an angioma, the term lymphangioma being reserved for the lym- 
phatic type. 

10 
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Hemangioma.— A hemangioma is a new formation of bloodvessels. 
It may be difficult to distinguish this from telangiectasis, which is 
merely a dilatation of previously existing vessels. Two types are 
encountered, the capillary and the cavernous. The former is much 
the commoner. 



Fig. 130.— Capillary angioma. In addition to many new vessels there is a solid mass 
of endothelial cells in the upper right liand corner. X 225. 

Capillary Angioma.— This consists of a network of new-formed 
capillaries filled with blood. (Fig. 130.) The neoplasm affects only 
one segment of a vessel, from which buds of endothelium grow out 
and form new vessels. There is therefore a more or less closed system 
of \'essels, not a dilatation of all the vessels of the part. The capil- 
laries appear to arise from a rudiment destined to form bloodvessels, 
and thus form a mass which is to some extent withdrawn from the 
general circulation, so that any hemorrhage which may occur from it 
is 4iot necessarily severe. Such a system may be obliterated by making 
use of the well-known action of radiation on vascular endothelium hy 
which an obliterating endarteritis is produced. The endothelial cells 
are large and swollen and may be several layers in depth. (Plate VI.) 
Endothelial proliferation may be so marked that the lumen of the 
vessels is occluded, and solid masses of cells are formed. Such a con- 
dition is often called a henmngio-endothelvynia or simply an endotheli- 
oma, for the tumor may appear to be solid and show little evidence 
of vascular lumen. The new-formed cells may have a whorled arrange- 
ment. 

The common site is the skin, where the angioma forms a bright red, 
sharply-defined patch level with the surface. It is a congenital con- 
dition, usually present at birth, and it may extend so as to cover a 
large surface. The skin of the face and head is the usual site, but it 
may occur on any part of the body. On the face it often follows the 
distribution of the fifth cranial nerve and remains strictly unilateral. 


PLATE VI 



Capillary Hemangioma 

In addition to formation of now vossola then* is markenl prolift^ration of ondothciial cells 







ANGIOMA 


291 


These skin angiomas are known as port-wine stains, birth-marks, etc. 
They are often called nsevi. The word nsevus literally means birth- 
mark so that its use here is justified, but it seems better to reserve the 
term for another birth-mark, the pigmented mole, so as to avoid 
confusion. Capillary angiomas also occur in the mucous membranes 
of the nose, lip, tongue, gum and rectum, in all of which sites they may 
be a cause of troublesome hemorrhage. They form soft purplish-red 
patches which are easily recognized. In the tongue they are a common 
cause of macroglossia. Multiple angiomata may occur in the skin and 
the mucous membrane of the bowel, giving rise sometimes to intestinal 
hemorrhage. Angioma of bone is an uncommon but confusing condi- 
tion, for it may present sheets of lipoid-filled cells resembling those of 
a hypernephroma. As the lesion causes marked absorption of bone 
when seen in a roentgen-ray film, it is easy to make the mistaken 
diagnosis of secondary hypernephroma. Angioma of the brain con- 
stitutes one variety of cerebral tumor. 

(Certain hemangiomas exhibit regressive changes marked principally 
by fibrosis (Gross and Wolbach). In these sclerosing hemangiomas the 
capillaries become obliterated, whilst segregated groups of endothelial 
colls remain. In the majority of these cases there are accumulations 
of lipoid material and hemosiderin which are probably extracted from 
the circulating blood (Gross and Wolbach), although to a lesser degree 
they may be derived from hemorrhages into the angioma. The lipoid 
and to a lesser extent the hemosiderin are contained within phagocytic 
endothelial cells. Aggregations of endothelial cells may fuse to form 
foreign body giant cells. The tumors of the skin containing large 
amounts of blood pigment are often mistaken for melanomas. The 
granules of pigment are larger and more irregular in size and shape 
than the small, rounded and more uniform melanin granules. They 
are stained an intense blue by the Berlin blue method. 

Cavernous Angioma.— This form is less common. It has the same 
structure as erectile tissue, being composed of large blood-spaces or 
sinusoids lined by endothelium. (Plate VII.) The commonest site 
is the liver, where it forms a small dark-red tumor which is discovered 
accidentally at autopsy. These tumors in the liver may be multiple, 
but they seldom become large. I have seen, however, a huge angioma 
which occupied the greater part of the left lobe of the liver. Being 
unrecognized it ruptured at operation, and the patient died on the 
table in the course of a few minutes. The cavernous angioma occurs 
in other positions, e. gr., lip, subcutaneous tissue, and muscle. It is 
not encapsulated, and may infiltrate the sinrounding tissue like a 
malignant tumor. In rare cases metastases are formed in the lungs. 

L3nnpha]igioxna. — This is much less common than a hemangioma. 
Like the hemangioma it is congenital. It may be localized or diffuse. 
The vessels may be small or cavernous, and they contain lymph instead 
of blood, so that the tumor lacks the characteristic color of the heman- 
gioma. Lymphangioma of the tongue causes a diffuse enlargement, 
known as macroglossia (big tongue); a similar swelling of the lip is 
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macrocheilia (big lip). Cystic hydroma is a large soft swelling in the 
neck of children which may be mistaken for a cold abscess. More 
rarelj" it occurs in the axilla or the side of the thorax. It may be 
present at birth and tends to become smaller or disappear as the child 
grows up. 

Glomangioma Glomus Tumor.— The word glomus means a conglomeration 
of minute arteries and veins. In the dermis of the extremities, particularly 

in the fingers and toes, there is an 
arteriovenous shunt by which the blood 
passes directly from the arteries into 
the veins without first passing through 
the capillaries. The channel along 
which the blood flows is lined by endo- 
thelium and surrounded by a mantle 
of large “epithelioid'* or glomus cells; 
in addition there may be plain muscle 
fibers, while a rich plexus of non-medul- 
lated nerve fibers pass between the 
various cells. The epithelioid cells merge 
through a series of transitional forms 
with the typical spindle-shaped smooth 
muscle cells of the artery and vein. 
They appear to be derived from the 
pericytes of Ziirunermann, specialized 
cells which are wrapped around the 
capillaries in all parts of the body and 
merge with the smooth muscle fibers 
(Murray and Stout). The entire mech- 
anism constitutes a neuromyoarterial 
glomus, whose function appears to be 
to act as a kind of manometCT controlling 
the circulation in the extremities and 
therefore the local temperature. 

For the last one or two centuries 
the existence of “painful subcutaneous 
Fig. 131.— Glomus tumor; glomus tubercles’' in the extremities has been 
cells surrounding vascular channel, well recognized, but it was Masson who 
^ first in 1922 showed that these tumors 

arose from the glomus mechanism in 
the skin. Clinically these tumors are small, of slow growth, benign, confined 
to the extremities (common in the arm) and often situated under the finger 
nails, exquisitely tender, and characterized by paroxysms of burning pain 
during which the subungual lesions have a cyanotic appearance which is 
practically pathognomonic. Simple excision affords miraculous relief. Micro- 
scojncaUy the tumor consists of a tangled mass of vessels surrounded by a 
fibrous capsule, and presenting the various elements (endothelial lining, 
glomus cells, plain muscle, and non-medullated nerve fibers) already described 
in the normal glomus. (Fig. 131.) 



ENDOTHEUOMA 

The endothelial tumors form an ill-defined group regarding which 
there is great difference of opinion. One of the diflSculties is to decide 
which normal structures should be regarded as endothelium, and 
another is to recognize endothelial cells under pathological conditions. 



PLATE VII 



Cavernous Hennangloma 

'rUo luniDF IS rum])ostMl of lar^e lakos of blood. 
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Endothelial cells stand midway between epithelial and connective- 
tissue cells. They produce an intercellular cement so that they are 
closely packed together, they grow in the form of cords and cylinders 
which may present lumina, and the nuclei are small and clear-cut, 
surrounded by a broad envelope of clear cytoplasm, compared with 
the large vesicular nuclei and granular cytoplasm of epithelial cells. 
A full discussion of this debatable subject would be out of place in a 
work of this size. It seems better to take up the various endothelial 
or supposed endothelial tumors as they are encountered. The angio- 
mas are undoubtedly endothelial tumors and have already been 
considered. The reticulo-endothelium of the hemopoietic organs may 
give rise to tumors which are referred to in the next section. The 
malignant tumor of bone known as Ewing’s tumor is considered by 
Ewing to be a form of endothelioma. Many endothelium-like tumors 
display sarcomatous characteristics, and it is hard to draw a sharp line 
of distinction. For a discussion of these and other matters the reader 
is referred to Ewing’s great work, NeopUiistic Diseajfes, where fifty 
pages are devoted to the subject of endothelioma. 

TUMORS OF HEMOPOIETIC TISSUES, LYMPHOBLASTOMA 

This group includes tumors of the lymphoid tissue and bone-marrow. 
The principal members of the group are lymphosarcoma, reticulum- 
cell sarcoma, Hodgkin’s disease, leukemia, and multiple myeloma. 
Although these various conditions may be regarded as nec^plastic 
diseases, it is possible that leukemia is not a true tumor, and probable 
that Hodgkin’s disease is not. They arise in blood-forming organs, and 
will be considered in connection with diseases of these organs. 

PIGMENTED TUMORS 

No neoplasms have aroused more interest or excited greater differ- 
ences of opinion than the group of pigmented tumors or melanomas. 
These tumors may be innocent or malignant. The former is some- 
times called an innocent melanoma or iieevus, the latter a malignant 
melanoma or melanotic sarcoma. In practice the innocent tumor is 
called a na'vus and the malignant tumor a melanoma. The old term 
melanotic sarcoma should be dropped, for the tumor is not a sarcoma. 
The pigment is melanin. 

Naevus.— The word iiaevus means a birth-mark and is applied to 
two different congenital lesions, the pigmented nievus and the skin 
angioma. These two conditions may conveniently be called a nerve 
naevus and a capillary neevus. It is better still to confine the term 
naevus to the present condition, calling the vascular lesion an angioma. 

A naevus is a mole. It is usually pigmented, but may not be; the 
color varies from gray to brown or jet black. A mole is frequently 
covered with hairs and raised above the surface of the skin. It varies 
greatly in size, being usually quite small, but sometimes covering a 
large area of the body. A large naevus may show a “bathing-trunk” 
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distribution. N»vi are so common that nearly everyone has at least 
one tiny one, and the average person has over 20 pigmented moles. 
They are usually situated on the face, neck, or back, but they may 
occiu" anywhere. If they are raised above the surface and warty and 
are exposed to irritation from friction there is always a danger of their 
becoming malignant and they are better removed. Rarely a njevus 
occurs in the pigmented part of the eye (ciliary body, etc.). 

A naevus is a congenital condition, but it may not be apparent at 
birth, and many pigmented moles do not appear until adult life. The 
great majority of naevi pursue an uneventful course; they may grow 
slowly for a time, remain quiescent for a long period, and gradually 
atrophy. A sudden increase in the rate of growth should at once 
arouse a suspicion of malignancy. 

Microscopic Appearance,— K quiescent naevus consists of collections 
of clear, rounded or polyhedral cells in the dermis (corium), often 

situated between downgrowths 
of epidermis. (Fig. 132.) These 
^^naevus cells,” as they are called, 
are closely packed and present a 
very characteristic, appearance. 
At the margin of the groups of 
najvus cells are more fusiform 
pigmented cells filled with mel- 
anin granules; these are melano- 
blasts, and give the lesion its 
color. The amount of pigment 
varies greatly, and bears no 
relation to possible malignancy. 
Gradually depigmentation of the 
naevus may occur. 

Histogenesis. — An extraordi- 
nar;v' difference of opinion has 
existed regarding the origin of 
the na?vus cells. In turn, they 
have been regarded as epidermal 
(epithelial), mesoblastic, and 
endothelial in origin. A study 
of pathological tissue as well as 
the illustrations in Dawson’s 
splendid monograph suggest that 
the cells have grown down from 
the epidermis, becoming isolated 
later. On the other hand, the 
chromatophores, which play so 
important a part in color changes 
in the lower animals (chameleon, etc.), are mesoblastic in origin. 

The older theories must be discarded in view of the work of Pierre 
Masson, who has shown conclusively that the nsevus is of nervous 



Fig. 132. — Nibvub. The nevus cells are in 
the dermis and have no connection with the 
epidermis. X 100. 
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origin; the tumor is a neuronsevus. The sensory nerves of the skin 
end in special sense organs. In the dermis the medullated nerve 
fibers terminate in Meissner’s corpuscles, from which non-medullated 
fibers pass into the epidermis and end in the tactile corpuscles of 
Merkel-Ranvier. A nsevus appears to be a proliferation of the entire 
end apparatus of the sensory nerves of the skin, in particular the cells 
of Meissner’s corpuscles in the dermis. The type cell of the tumor is the 
cell of the tactile apparatus. With Masson’s trichrome stain medul- 
lated and non-medullated nerve fibers can be demonstrated among the 
tumor cells. Even in sections stained by the ordinary methods the 
cells of a quiescent nsevus may often be seen collected in definite end- 
organs of the type of Meissner’s corpuscles in intimate relation to nerve 
bundles. In a series of specimens every transition can be seen from a 
normal end-organ up to characteristic groups of pure ntevus cells. It 
would appear, therefore, that the najvus cell is neuro-ectodermal and 
not epithelial in origin. 

The type cell may be non-pigmented and associated with nerve 
endings, or it may be pigmented and less intimately associated with 
the nerve endings. The former is the naevus cell, the latter the melano- 
blast, which has acquired the power of melanin production. The 
melanoblasts may form a mantle around the Meissner corpuscles, and 
are also regularly intercalated in the basal-cell layer of the epidermis, 
where they are known as Langerhans^ cells. The degree to which the 
tumor is pigmented or non-pigmented depends on whether melano- 
blasts or nsevus cells play a greater part in its formation. The wander- 
ing pigmented cells commonly seen in the dermis are histiocytes which 
have taken up the melanin formed by the melanoblasts; they may be 
regarded as mere carriers of pigment— melanophores or chromato- 
phores {phoreo, I carry). 

The ejndennis also may take a part in the process of naevus forma- 
tion, but the active cells are not epithelial but neuro-ectodermal in 
origin. Sliunbering melanoblasts may be seen in tlie epidermis and 
also specialized cells like naevus cells in relation to the tactile corpuscles 
of Merkel-Ranvier. Thus the arrangement in the dermis is to some 
extent duplicated in the epidermis. 

The neural origin of naevi would bring them into relation with neuro- 
fibromatosis (von Recklinghausen’s disease). It is well known that 
pigmented patches of the skin are often seen in neurofibromatosis. 
Moreover in the more extensive forms of naevi such as the “bathing- 
trunk naevus” multiple neurofibromas may occur. 

Laidlaw has brought forward an ingenious theory regarding the phylogenetic 
origin of the pigmented mole. He points out that these moles, which are 
essentially masses of cells in the corium containing sensory nerve endings, do 
not correspond with any structure in the normal mammalian skin, but that 
they do correspond with the tactile pigmented spots with which the skin of 
reptiles and amphibia is sprinkled. In the course of the ag^ the reptilian 
tactile spots are replaced by mammalian hair follicles, hair being primarily a 
tactile organ, although adapted secondarily to the functions of color and 
bodily warmth. The pigmented hairy mole appears to be a connecting link 
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between the pigmented tactile organ of the reptile and the hairy tactile organ 
of the mammal. It is reptilian in its pigment and groups of innervated tactile 
cells in the corium, but mammalian in its hair follicles. As Laidlaw puts it 
in his delightful paper; “In the reptilian tactile spot we find a full length 
portrait of the human pigmented mole, a pigmented elevation of the ^in and 
a nerve coming up from below to innervate a group of tactile cells in the 
corium.” The undoubted congenital character and frequent hereditary 
tendency of pigmented moles are in support of their phylogenetic origin. 

Malignant Melanoma. —This tumor is commonly called melanoma 
or melanotic sarcoma. It arises in a nsevus of the skin or in the pig- 
mented coat of the eye. In the eye it is not preceded by an innocent 
lesion. About one-third of the cases of malignant melanoma arise in 
the eye. A mole exposed to long-continued irritation, friction, etc., 
is apt to become malignant. The frequency of nsevi and melanomas 
is in proportion in most parts of the body, but melanomas are com- 
mon on the feet (soles and under the nail) and on the genitalia, while 
iiflevi are quite rare, so that melanomas apparently do not arise from 
moles in these regions. Melanoma is a rare disease in the American 
negro, although common among the Sudanese; in the latter more than 
half the eases occur on the feet, which are exposed to puncture wounds 
from thorns, etc. In rare cases no lesion can be found in the skin or the 
eye, although secondary growths may have developed. In such cases 
the pia mater, the adrenal, and the intestine, especially the rectum, 
may be the site of the primary tumor. It must be borne in mind, 
however, that melanoma is an uncommon disease, while moles are 
extremeb' common. 



Fig. 133. — Malignant melanoma. Many of the large cells contain fine granules of 

pigment. X 500. 

Structure.— When a nsevus is undergoing malignant change the tumor 
cells are seen to be extending into the deeper tissues. They have 
lost their quiescent appearance, and the cells are larger, the nuclei are 
hyperchromatic, and mitotic figures are present. (Fig. 133.) In a 
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fully formed melanoma the cells are large^ polyhedral, and usually 
show a characteristic alveolar grouping, the groups being separated 
by a fine stroma. Such an arrangement gives the tumor a carcinom- 
atous appearance. (Fig. 134.) In the eye, on the other hand, the 
arrangement is more likely to be sarcomatous and the cells fusiform, 
as in a fibrosarcoma. No tumor presents a more varied picture than 
the melanoma, and it is not too much to say that it may simulate a 
carcinoma, sarcoma, endothelioma, and even a lymphosarcoma. Pig- 
mentation is usually marked, but this cannot be regarded as an invari- 
able criterion, and the diagnosis may have to be made from the histo- 
logical picture without the assistance of melanin. In non-pigmented 



Fig. 134. — Malignant melanoma in skin showing characteristic acinar grouping of 
the cells, but no pigment. X 275. (Boyd’s Surgical Pathology, courtesy of W. B. 
Saunders Company.) 


melanomas the dopa reaction (page 39) is of value, as it shows the 
presence of enzyme in cells which have not yet formed melanin. In 
one part of the tumor the cells may be loaded with pigment, while in 
another part they contain none. The pigment-bearing cells may break 
down and liberate the pigment, which is then taken up by phagocytic 
histiocytes. Although the tumor may be black to the naked eye the 
intracellular pigment is yellow. 

Spread.— A melanoma is important not because of any local dis- 
turbance it produces, for usually it remains small; it kills by producing 
widespread inetastases. The tumor cells spread by the lymphatics to 
the regional lymph nodes and by the blood stream to distant parts, 
although in melanoma of the eye there is no lymph spread. The 
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tumor spreads mainly and at first exclusively by the lymphatics; the 
regional lymph nodes soon become enlarged. Blood spread is a late 
event, and may be absent nearly until the end. When it does occur it 
is usually very wide, so that hardly an organ may escape. The skin 
is a common site of metastases. Secondary growths appear early in 
the skin; multiple growths of the skin even though non-pigmented 
should suggest a search for a primary melanoma. A history of loss of 
an eye from disease and an enlarg^ liver should suggest an ocular 
melanoma. 

Prognosis.— The prognosis is grave, yet not necessarily so grave as 
is usually stated. The average duration of melanoma is from two to 
three years, but some cases remain localized for a long time, and even 
after the lymph nodes are involved removal of the primary tiunor with 
the enlarged glands and the intervening lymphatics may be followed 
by cure. In the eye the outlook depends on the cellular type and on 
the amount of argyrophil fibers. WTien the tumor is of the spindle- 
cell tyi)e and sih-er-straining fibers are abundant, the prognosis is quite 
favorable. 

NERVOUS-TISSXTE TUMORS 

Although the central nervous system is ectodermal in origin, it 
becomes di\'ided into parenchymatous tissue (nerve cells and fibers) 
and supporting tissue (neuroglia). Tumors of the parenchymatous 
tissue are very rare, tumors of the neuroglia are very common. 

Glioma.— During recent years our knowledge of this important 
class of tumors has been greatly increased by the work of Bailey and 
Cushing. As a result of this work the gliomas can now be classified 
on a liistogenetic basis, some of the groups differing widely from others 
in regard to prognosis. This work will be taken up in connection with 
Tumors of the Brain. 

Neuroblastoma.— This is a tumor of primitive nerve cells or neuro- 
blasts. It occurs not in the brain but in the medulla of the adrenal, 
which of course is neural in origin, and more rarely in connection with 
other parts of the sympathetic nervous system. It is practically con- 
fined to children under the age of four years. It is described in the 
section on Diseases of the Adrenal Glands. 

Retinoblastoma.— This tumor has been called glioma of the retina, 
neuroblastoma, and neuro-epithelioma. It is composed of cells which 
started from the anlage of retina in the embryo and were not developed 
into functioning cells. It seems best, therefore, to use the term retino- 
blastoma. It is an uncommon tumor, and presents three striking 
clinical characteristics: (1) it is bilateral in at least 20 per cent of 
the cases; (2) over 90 per cent of the cases occur before the fourth 
year, in this resembling neuroblastoma of the adrenal; (3) it shows 
an extraordinary familial tendency. In a family of 16 children 10 
died of retinoblastoma. The tumor is locally destructive, but later 
it may form metastases in the lymph nodes and internal organs. 
Microscopically it is composed of small round cells with practically no 
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cytoplasm and no fibrils. The chief characteristic is the presence of 
circles or “rosettes” of columnar cells, which, however, may be absent. 


They probably represent inclusions 
of cells which normally develop into 
rods and cones. 

Ganglioneuroma.— A very rare tumor 
composed of adult nerve cells and fibers. 
(Fig. 135.) It is commoner in peri- 
pheral ganglia than in the central 
nervous system. The condition is be- 
nign. 

EPITHELIAL TUMORS 

Epithelial tumors like epithelial 
cells present certain features which 
distinguish them from connective 
tissue cells and tumors. The cells 
lie in apposition with one another 
to form groups. The groups are 
separated from each other by con- 
nective tissue, giving what is called 
an alveolar arrangement, but there 
is no connective tissue between the 
cells of the alveolus. The innocent 
epithelial tumors are the papilloma 
and adenoma, the malignant is the 
carcinoma. 



Fig. 135. — Ganglioneuroma. X 300. 


Innocent Epitheual Tumors 

Papilloma. — A papilloma is a benign epithelial tumor in which the 
cells cover finger-like processes of stroma. It grows from a surface, 
either internal or external. The term is usually not applied to malig- 
nant tumors when they grow in this way, but sometimes it is (malignant 
papilloma). A papilloma may become malignant, but this is only 
common in one or two situations, e. </., bladder and rectum. Papillo- 
mata may be squamous or mucous, depending on whether they grow 
from a squamous or mucous surface. 

Squamous Papilloma.— This tiunor is commonest in the skin, (Fig. 
136) but may occur in the mouth, larynx, and any other cavity lined 
by stratified epitlielium. The base may be narrow or broad. Many 
conditions commonly called papillomas are not true neoplasms. The 
name wart is often applied to a papilloma of the skin, but the common 
warts of children (verruca vulgaris) which comes out in crops and dis- 
appear later are infectious in nature. Venereal warts (condyloma 
acmninatum) are also due to an infection. A skin nsevus (mole) is 
often called a wart and may look like a papilloma. 

A true papilloma shows proliferation of the squamous epithelium. 
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The epidermis may be thickened and blunt processes may project 
down into the corium. The so-called plantar wart is a flat papilloma 
with excessive epidermal thickening and very marked cornification 
of the surface layers. The thickened epithelium presses on the sen- 
sory nerve endings and causes pain on pressure just as does a corn. 
A com is simply an excessive surface cornification. Every papilloma 
has a fibrous core, and in some cases there seems to be more over- 
growth of fibrous tissue than of epithelium, which may be of normal 
thickness. 



P'lG. 136. — Squamous papilloma growing from skin. X 7. 


Mucous Papilloma. —This is commonest in the large intestine and 
bladder, but it may grow from any mucous membrane. In the stomach, 
intestine, etc., a papilloma is commonly called a polypus. Such a 
polypus is really more of an adenoma than a papilloma, for it is com- 
posed of proliferated glands, (yastro-intestinal polypi are often multi- 
ple, and in the large bowel there may be hundreds. Infection with 
Bilharzia hfiematobia may set up a papillomatosis both in the bladder 
and the rectum. Mucous polypi in the large intestine and bladder are 
of great impK)rtance because they show a marked tendency to malignant 
change. (Fig. 137.) The steps by which this transformation occurs 
have already been traced in discussing the relation of innocent to 
malignant tumors. 

Adenoma.— An adenoma is an innocent epithelial tumor of glandular 
structure which closely approximates that of the gland from which 
it arises. Unfortunately the matter is not quite so simple as it sounds. 
Many so-called adenomas are not true tumors, but nierely examples 
of localized compensatory hyperplasia. When a portion of the liver 
is destroyed a mass of new tissue is formed which may project on the 
surface and be mistaken for an adenoma. A true adenoma is encap- 
sulated, but it is doubtful if the common encapsulated glandular 
nodules in the thyroid commonly called adenomas are really true 
tumors. Again an adenoma of the breast may contain more fibrous 
tissue than epithelium; such a tumor is a fibroadenoma rather than a 
pure adenoma. 
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No general description of an adenoma is possible. It is a circum- 
scribed encapsulated nodule which may resemble the gland from which 
it arises so closely that the microscopic picture of the two may be 



Fia. 137. — Mucous papilloma of large bowel. A malignant change had occurred in an 
adjacent part of the tumor. X 60. 
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identical. It consists of gland-like spaces (breast, stomach, bowel, 
pancreas), or solid cords (liver, adrenal). The glands may be lined 
by more than one layer of cells, but the acini are perfectly regular, 
and there is no invasion of the deeper tissue. (Fig. 138.) 

In the stomach and large intestine the adenoma commonly develops 
a stalk owing to contractions of the muscular wall, so that it hangs 
into the lumen as a polypus. Such a polypus is often called a papilloma, 
but polypoid adenoma or adenomatous polypus is a more correct 
name. The frequent development of malignancy in the adenomas 
of the large bowel has already been alluded to. 

The secretion of the cells lining the glandular spaces of an adenoma 
may lead to distention of these spaces with the formation of cysts. 
Such a condition is called a cystadenoma. It is best seen in the ovary, 
where the cysts are lined by tall columnar epithelium which secretes 

a mucoid material. The cells lin- 
ing such cysts may become flattened 
from pressure, or they may pro- 
liferate and project as papillary 
processes into the cysts, a condition 
known as papillary cystadenoma. 

CARCINOMA 

A carcinoma is a malignant epi- 
thelial tumor which tends to invade 
the lymph spaces of the surround- 
ing connective tissue. It is the com- 
monest of all malignant tumors, 
very much commoner than sarcoma. 
The cells show the characteristic 
epithelial arrangement; they are 
collected into groups or alveoli, 
with fibrous stroma between the 
groups but not between the cells 
of the group. The stroma varies 
greatly in amount, and largely 
determines the physical character 
of the tumor. When the primary 
tumor is sectioned it may appear 
to be made up of a large number 
of separate masses. These are really extensions of the central mass 
which on section give a fictitious appearance of multiplicity. A wax 
model would reveal the essential continuity of the tumor. 

Spread. — Carcinoma may extend in four different w^ays. (1) /n»a- 
siofi of the tissue spaces. This is the fundamental method of spread. 
The words cancer and carcinoma mean a crab, and these extensions 
are the claws of the animal. (2) Lymphatic permeation. The cancer 
cells invade the lymphatics and grow along them. (Fig. 139.) Spread 



Fig. 139.— Lymphatic permeation by 
carcinoma. X 125. 
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along perineural lymphatics is of importance in some tumors, particu- 
larly carcinoma of the prostate. (3) By lymphatic embolism tumor 
cells are carried to the regional lymph nodes and sometimes to more 
distant nodes. The nearer nodes may also be reached by permeation. 
(4) Blood spread carries the tumor cells to distant organs. 




Fig. 140. — Glandular cancer in lymph 
node. X 150, 


Fig. 141. — Metastasis from carcinoma 
of lung in glomerulus and renal tubules. 
X 175. 


Carcinoma spreads primarily by the lymph spaces and lymphatic 
vessels. Lymph node involvement is therefore tlie rule. (Fig. 140.) 
A lymph node may contain cancer cells and may yet appear normal to 
the naked eye and show no enlargement, a point of great surgical im- 
portance. Suspected early involvement of lymiph nodes may be 
attacked by radiation. As the process becomes more advanced the 
gland is enlarged, and the cut surface shows a small opaque white 
nodule. Later the entire gland is occupied by the tumor. In that 
form of cancer known as squamous-cell or epidermoid carcinoma of the 
skin, tongue, etc., spread is almost entirely by the lymphatics, although 
in the last stages the bloodvessels may be invaded. 

Spread by the blood stream is common, though not nearly so com- 
mon as lymph spread. (Fig. 141.) In cancer of the gastro-mtestinal 


304 


TUMORS 


canal and pancreas the tumor emboli are carried by the portal vein to 
the liver to form metastases. In carcinoma of other organs (breast, 
etc.) the lung is the commonest seat of secondary growths. The bones 
are frequently the site of metastases in carcinoma of the prostate, 
breast, lung, kidney (hypernephroma) and thyroid. Skeletal metas- 
tases may occasionally occur from other carcinomas. 

Squamous-cell Carcinoma.— This is usually called epidermoid car- 
cinoma and used to be known as epithelioma. It occurs wherever 
squamous or transitional epithelium is found, particularly in skin, 
mouth, tongue, larynx, cervix uteri, and urinary bladder. Epidermoid 
carcinoma may develop in the edge of a chronic ulcer which refuses to 
heal. In rare cases it may arise from epithelium which has been 
changed from the columnar to the squamous stratified type owing to 
an irritation metaplasia. This is seen in the gall-bladder and in a 
bronchiectatic cavity in the lung. Most of the skin cancers are on the 
face and neck; the lower lip is the commonest site. They develop at a 
point where there has been chronic irritation (fissure, ulcer, local thick- 
ening). The tumor begins as a slight thickening or small nodule. 
At this stage the disease is easily curable. Later an ulcer forms which 
refuses to heal; the edges are characteristically thickened and indur- 
ated. Epidermoid carcinoma spreads by the lymphatics, so that the 
regional lymph nodes become infected and enlarged. They may be 
infected with tumor cells and yet show no enlargement. Blood spread 
is unusual, and only occurs late in the disease. 

Microscopic Appearance.— ‘Columns of epithelial cells grow dcnvn 
into the dermis. (Fig. 142.) The growth is therefore the reverse of 
that seen in papilloma. The lower parts of the columns often appear 
as masses separated from the rest of the growth by the obliquity of 
the section. In the center of these masses the same process of cor- 
nification goes on as occurs normally on the surface. Granules appear 
in the cytoplasm, and the cells become converted into hyaline struc- 
tureless masses of keratin which stain brightly with eosiii and are 
identical with the horny material on the surface of the skin. Such a 
general picture is well named an epidermoid carcinoma. The cornified 
masses are known as cell nests or epithelial pearls. The outer cells of 
the pearls are often arranged in a concentric manner. The unchanged 
cells show the “prickle-cell” appearance characteristic of epidermal 
carcinoma. Cell nests and cornification are absent in rapidly-growing 
tumors, as they are a sign of differentiation. They are best seen in 
skin cancers; sometimes they are found in cancer of the tongue and 
esophagus, but they seldom occur in cancer of the bladder or cancer of 
the cervix. The down-growing masses are often surrounded by masses 
of lymphocytes, especially in tumors of low grade. 

The grading of tumors according to degree of malignancy is most 
easily done in the epidermoid carcinomas, because the signs of differ- 
entiation (prickle-cells, cell nests, cornification) are so distinctive. In 
Grade 1 all of these signs are well marked and there are few or no 
mitotic figures. The prognosis is excellent if the tumor is accessible 
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and can be removed. In Grade 4 there are no signs of differentiation, 
and the tumor may be so anaplastic that it may be difficult to be cer- 
tain if it is an epidermoid cancer. Mitotic figures are numerous. The 
prognosis is bad or hopeless with surgical treatment, however early, 
because dissemination is widespread; radiation holds out much greater 
hope. 



Fia. 142. — Epidermoid carcinoma. Epithelial down-growths into dermis and formation 

of cell nests. X 60. 

Basal-cell Carcinoma.— Ulcer.— This is a variety of squamous 
cell carcinoma which differs both clinically and pathologically from 
typical epidermoid cancer. It is relatively benign, of remarkably 
slow growth, and does not involve the regional lymph nodes. It 
presents the anomaly of a tumor which is relatively undifferentiated 
and is yet of low malignancy. Being undifferentiated it responds 
well to radiation, but not if it has infiltrated the underlying bone. 
The distribution is highly characteristic. The lesion occurs on the 
upper part of the face about the cheek, nose, eyelid, and ear, above a 
line drawn between the tip of the ear and the angle of the mouth. 
It is, however, by no means confined to this region, and may occa- 
sionally occur on other parts of the skin. Not infrequently rodent 
ulcers are multiple, the skin of an area (usually the face) developing 
a tumor-forming tendency. Exposure to bright sunlight appears to 
20 
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be a causal factor. In Australia where the light is very strong and 
the humidity very low the disease is extremely common. As many 
as 50 cases a day may be seen in the out-patient department at Sydney. 
The conditions in Australia are peculiar, for it is a country with a 
tropical sun in which there is nothing but white labor. In other 
tropical countries those who are continually exposed to the brilliant 
glare have colored (protected) skins. It is interesting to note that the 
large Italian element in the labor population in Australia is relatively 
immune. The disease is much commoner at the north end of New 
Zealand than in the south. The tumor slowly erodes the deeper tis- 
sues, and in this way may cause great destruction of the nose, the 
contents of the orbit, etc. For this reason it is commonly called 
rodent ulcer. 



Fia. 143. — Rodent ulcer. The basal-cell character of the growth is evident. X 90. 

The rnicroacopic appearance is quite different from that of epidermoid 
carcinoma. It consists of solid masses of darkly-staining cells^ which 
extend down into the dermis, although often no connection with the 
epidermis may be seen in a given section. (Fig. 143.) The columns 
extend down to a uniform level, and their ends have an expanded club- 
shaped appearance. There is none of the eosin-staining so character- 
istic of epidermoid carcinoma, no cell nests, no comification. The 


CARCINOMA 


307 


cells are all of the same type as the basal cells of the epidermis and 
therefore stain blue with hematoxylin. There are usually no mitotic 
figures, but they may occur in the more rapidly-growing forms. Very 
occasionally there is a mixed picture of the basal and squamous forms. 



Fio. 144. — Adenoid cystic epithelioma showing cystic spaces. Note the resemblance to 

rodent ulcer. X 14. 

Regarding the origin of the tumor there is difference of opinion. It 
is best to take the term “basal ceir^ to indicate that the tumor main- 
tains the character of basal cells. There are three possible sites of 
origin: the basal cells of the epidermis, the hair follicles, and mis- 
placed cell groups from the epidermis. Some of the tumors may arise 
in one way, some in another. The fact that they are often situated 
along the line of embryonal fissures on the face supports an origin from 
misplaced cell groups. 

Adenoid cystic epithelioma (Brooke's tumor) is an uncommon form of squa- 
mous-cell carcinoma, but its recognition is important because of its com- 
parative lack of malignancy. It occurs at a much earlier age than rodent ulcer, 
and forms a heaped-up lesion on the surface. It consiste of epithelial masses 
showing both a glandular arrangement and cyst formation. (Fig. 144.) The 
latter is the most striking feature. The cells may be of the squamous- or the 
basal-cell types. 

Tumors of Sweat Glands.— Closely related to the benign cystic epitheliomas 
are tumors of sweat glands. The tumor may be an adenoma arising from 
the alveoli, known as a spiradenoma {speira, a coil), and presenting a highly 
characteristic microscopic appearance of large numbers of sharply circum- 
scribed masses of cuboidal cells. They are often multiple, and a common 
position is the scalp, where, on account of their multiplicity, they may form 
what is known as a “turban tumor.” The ducts may be dilated to form cysts. 
Adenocarcinoma is much less common, and is of low malignancy. 

L3anpho-epiihelioma.— A cancer of distinctive individuality, both 
clinical and pathological, grows from the epithelium covering lymphoid 
tissues in the mouth and pharynx, i. e., tonsil, wall of pharynx, nasal 
passages, and nasopharyngeal sinuses, in which areas the epitheliim 
tends to be transitional between squamous and simple. Its chief 
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characteristic is that the primary growth remains small and often 
undetected, whereas early dissemination gives rise to marked enlarge- 
ment of the glands of the neck. The correct diagnosis of these naso- 
pharyngeal tumors is often missed for a long time. Visceral involve- 
ment (lungs, liver) may occur at a later date. Microscopwally the 
cells are large and pale with indefinite outlines, and are arranged in 
sheets. There is usually a marked intermingling of epithelial cells and 
lymphocytes derived from the underlying lymphoid tissue. (Fig. 145.) 
\Mien the tumor is purely epithelial in type it is referred to as tran- 
sitionaUcell carcinoma. Mitoses are numerous. There may be a 
tendency toward differentiation with squamous characters appearing, 
or toward anaplasia so that the tumor in the lymph nodes may be 

mistaken for a lymphosarcoma. 
The tumor is markedly radio- 
sensitive, in distinction to epi- 
dermoid carcinoma, and is more 
suitably treated by radiation 
than by surgery. In essence it 
is an anaplastic carcinoma of the 
throat. 

Adenocarcinoma. — This is a 
columnar-cell carcinoma with 
formation of glandular spaces. 
The common sites are the 
stomach, large intestine, gall- 
bladder, pancreas, utenis, and 
prostate. It may occur in the 
breast and other glandular 
organs. Spread occurs both 
by the lymphatics and the 
blood stream. The gastro-in- 
testinal tumors usually form 
*Fiq. 145. — Lympho-epithelioma showing bulky masses which project into 

intermingling of epithelial and lymphoid the lumen, but they may be seSsile 
cells. X 340. infiltrating. The change 

from the normal mucous mem- 
brane of the bowel to the irregular glands of the tumor is very sudden. 
The neoplastic glands are highly atypical with branching processes and 
darkly-staining cells which contrast strongly with the pale mucinous 
cells of the normal glands. (Fig. 146.) T^e lining cells are several 
layers in depth, and are not limited by the basement membrane, but 
invade the surrounding tissue. Mitos^ are nimerous. Most charac- 
teristic of all, new glands are found in abnormal positions, e. g., deep 
to the muscularis mucossB. Sometimes, particularly in the stomach, 
the glandular formation is lost, and the tumor assumes a scirrhous 
form with abundant stroma. 

Mucoid carcinoma, formerly called colloid carcinoma, occurs prin- 
cipally in the large bowel, stomach, breast and bronchi. Two different 
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forms may be distinguished: (1) primary mucoid carcinoma arising 
as a timor of^ mucus-secreting cells; (2) a secondary form which is 
merely a mucoid degeneration of a preexisting adenocarcinoma. Only 
15 per cent of cases belong to the true primary form, which is charac- 
terized by bulky gelatinous masses, loss of glandular arrangement (also 
seen in the metastases), large signet-ring cells showing abundant evi- 
dence of proliferation, and a high mortality. Many of the cells are 
greatly distended with mucin (Kg. 147), and large numbers of them 
disappear completely. In the secondary form the glandular arrange- 
ment is preserved with mucus in the acini (Fig. 148), the picture is one 
of advanced degeneration with little evidence of proliferation, and the 
malignancy is roughly proportional to the degree of mucus formation. 



Fig. 146. — Adenocarcinoma, showing the sudden change from normal mucosa to the 
dark, irregular, infiltrating gland spaces on the right. X 10. 


Carcinoma Simplex. — Although this term is not commonly used, 
it is convenient for the purpose of classification. As a rule, it grows 
from the cubical epithelium of solid glands. The common site is 
the breast, just as the common site of squamous-cell carcinoma is the 
skin and the cervix, and the common site of adenocarcinoma is the 
stomach. Spread is principally by the lymphatics, but also by the 
blood stream. The cells are spheroidal or polyhedral, and are arranged 
in solid masses or columns. In scirrh^ cardnoma the stroma is 
dense, the eell groups are small and often present a single column of 
cells, and the cells are compressed and stain darkly. (Fig. 149.) Mito- 
tic figures are not numerous, for the tumor is not of rapid growth. 
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The dense stroma makes the tumor very hard. Most cancers of the 
breast are of the scirrhous type. 

In the medullary or encephaloid form of carcinoma simplex the 
proportion of cells to stroma is reversed. (Fig. 150.) The cells are 
collected in large masses, are actively growing, and show many mitotic 



Fio. 147. — Mucoid carcinoma. The 
tumor cells are greatly distended with 
mucin. X 150. 



Fig. 148. — Secondary form of mucoid 
carcinoma. X 200. 



Fig. 149. — Scirrhoue carcinoma of the breast. The compressed groups of tumor cells 
are separated by a dense stroma. X 176. 
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figures. The stroma is scanty, so that the tumor is soft (encephaloid). 
Degeneration and necrosis are common. As one part of a tumor may 
show a scirrhous picture under the microscope and another a medullary 
picture, and as the primary tumor may be scirrhous while the metas- 
tases may be medullary, it is evident that the distinction between 
the two forms is in no way fundamental. 



Fig. 150.— Medullary carcinoma of breast, highly cellular. X 110. 


Adamantinoma. — This is a rare epithelial tumor of the jaw which is one 
variety of odontoma. There are various views as to its orip^n, but it seems 
probable that it arises from the group of embryonal cells which comprise the 
outer epithelial layer of the enamel organ (Zegarelli), so that it may be called 
an enamelohlastoma. It is composed of masses of epithelial cells which may 
become hollowed so as to give a glandular or cystic appearance. There is no 
constant microscopic picture. The cell type is the basal cell, but there may 
be all degrees of differentiation of the enamel organ. When differentiation 
is marked there may be an outer palisade layer of columnar cells, the ename- 
loblasts, and a central core of ‘‘star cells” with large vacuoles and connecting 
cytoplasmic bridges. (Fig. 151.) Or there may be strands of epithelium of 
epidermoid type which branch and form a fantastic network. The undif- 
ferentiated forms consist entirely of basal cells. The tumor grows slowly and 
causes expansion of the jaw until a mere shell of bone is left. Cyst formation 
may occur. The tumor is usually innocent, but there may be invasion and, 
in rare cases, metastases. 

Similar tumors are found in the stalk of the pituitary, where they are known 
as suprasellar tumors, and in the tibia. The pituitary stalk arises as an invagi- 
nation of the oral epithelium, and as the enamel organ has a similar origin 
it is easy to understand why epithelial cells which retain their embryonic p 
character should give rise to similar tumors in two different sites. The very 
rare tumors of the tibia are more of a puzzle, but may possibly be explained 
on a basis of abnormal embryonic epithelial invaginations. 
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Other varieties of odontoma are the composite odontoma and the dentigerous 
cyst. The composite odontoma is form^ of various structures containing 
enamel and cement, and probably represents the fused masses of imperfectly 
formed teeth. A tooth is missing at the site of the tumor. A dentigerous cyst 
is a cystic odontoma formed from a tooth follicle. It may contain one or more 
imperfectly formed teeth. It is lined by epithelium. The slow growth of 
the cyst may cause marked enlargement of the jaw. 



Fio. 151. — Adamantinoma showing palisade of enameloblasts and vacuolated 

cells. X 220. 


TERATOMA 

A teratoma is a composite mass derived from more than one germinal 
layer. In some there are representatives of all three layers. It is 
not a tumor in the strict sense of the word, but rather an attempted 
formation of a new individual within the tissues of the patient. A 
malignant growth may develop in a teratoma and may be carcinoma- 
tous or sarcomatous in type. 

Every grade of complexity may be met with in a teratoma. At 
one end of the series is the parasitic fetus, an acardiac monster at- 
tached to a normal child. Or a jumbled mass of structures may be 
attached externally either to the upper jaw (epignathus) or in the 
sacral region (sacral teratoma). Or again such a mass may develop 
within the body, usually in the genital glands. The structure may 
be simpler, comprising only one or two tissues as in the embryoma 
(teratoma) of the kidney. Finally there may be inclusions of the 
surface (inclusion dermoids), which may cause tumor-like swellings. 
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In the early stage of the developing and segmenting ovum the first 
blastomeres are totipotent; they have the capacity of forming a new 
individual as shown by the occasional development of identical twins 
from the one ovum. The later blastomeres are multipotent, i. e., 
they can form all of the three germinal layers. In the segmenting 
ovum primitive sex cells (germinal cells) are separated from the somatic 
cells and migrate finally to the testicle and ovary, where they develop 
into spermatozoa or ova. Theoretically it is quite possible for one 
of the primitive germ cells to be segregated either in the sex glands or 
in some other part of the body, where, if it could be stimulated to 
divide, it may form a teratoma which is an abortive attempt at the 
production of a new individual even to the extent of forming chorionic 
membranes, for the chorionic epithelium is merely a modification of 
the fetal ectoderm. A blastomere may also be segregated, and if it is 
stimulated to grow it will form structures derived from the three 
germinal layers, a confused jumble of tissues, but not including fetal 
membranes. MacCallum suggests that the teratomas may be divided 
into two main classes, the first representing the development of a 
primitive germinal cell, the second being derived from a segregated 
somatic blastomere. These two forms belong to different generations, 
the first being analogous to a true offspring, the second to a twin 
brother. 

Jacques Loeb, as is well known, succeeded in inducing partheno- 
genesis in the unfertilized ova of sea-urchins and even frogs by em- 
ploying various physical and chemical stimuli. The resulting animals 
were apparently normal except that they possessed no sex cells. In 
1926 Bosaeus published an account of some extraordinarily interesting 
experiments on the parthenogenetic formation of teratomata. He 
removed an ovum from a frog’s ovary, pricked it with a needle, and 
reimplanted the stimulated ovum into the body of the same frog. As 
the result of parthenogenesis a teratoma developed which was similar 
in type to some of the teratomas occurring in man. When the ovum 
was placed in the body of another frog it failed to develop. 

A new possibility is provided by advances in experimental embry- 
ology. It is now known that differentiation depends on two factors: 
(1) chemical organizers, (2) susceptibility or ‘^competence’' of the 
cells to the action of the organizers. Both of these change as develop- 
ment proceeds. Thus there are primary, secondary and tertiary or- 
ganizers, and the susceptibility of the cells alters with the course of 
development. When there is perfect balance between organizers and 
susceptibility, differentiation proceeds normally, but if organizers are 
produced too abundantly or too early or if susceptibility persists beyond 
the period at which it is normally lost, the result may be uncontrolled 
differentiation with the production of a jumble of structures so char- 
acteristic of teratomas. 

Perhaps the most varied structures are encountered in teratomas 
of the genital glands. In the dermoid cyst of the ovary are found 
skin, hair, sebaceous material, teeth, bone, brain, thyroid, etc. In 
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teratoma of the testicle glands, cartilage, muscle, brain, and even 
choroid plexus may occur (Fig. 152). 

Inclusion Dermoids. — Although these have the same name as the 
congenital tumors occurring in the genital glands, their origin is quite 
different. They may be divided into congenital and implantation 
dermoids; in both cases there is inclusion of dermal and epidermal 
structures. 

^ Congenital Dermoids.— Congenital dermoids are inclusions of dermal 
tissue along the line of the embryonic fissures. Dermal tissue, it may 

be with hair and cyst formation, 
is found in the middle line of the 
abdomen and chest (mediastinal 
dermoid), in the skull (line of at- 
tachment of dura mater to tento- 
rium cerebelli), in the line of the 
thyroglossal duct and the duct 
leading from pharynx to pituitary, 
and at the site of the branchial 
clefts, particularly the second. 

Implantation Dermoids. — Im- 
plantation dermoids are the result 
of a small piece of skin being im- 
planted in the deeper tissues, usu- 
ally as the result of trauma with 
a pointed instrument. A small 
cyst lined by epidermis is formed. 
These cysts are most common on 
the hands of manual laborers. 

THE PATHOLOGICAL DIAG- 
NOSIS OF CANCER 

The recognition, especially the 
microscopic recognition, of malig- 
nancy may be very easy, but it 

Fio. 162. — Choroid plexus in teratoma exceedingly difficult, and 

(chorionepithelioma) of testicle. X 175. the best pathologists will be found 

to differ in their diagnosis of indi- 
vidual specimens. Two pitfalls may be mentioned at this point; these 
are carcinoma in situ and benign epithelial invasion. 

Carcinoma in situ is a term suggested by Broders for a condition in 
which the epithelium shows definite evidence of malignancy such as 
irregularity in size and shape of the cells, hyperchromatism, etc., but 
definite invasion of the surrounding tissue has not occurred. (Fig. 153.) 
Benign epithelial invasion is the converse condition. Here the epithe- 
lium retains its normal character, but has penetrated deeply into the 
underlying tissue. The best example is seen in the gall-bladder, where 
newly-formed glands may penetrate as far as the serous coat (chole- 
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cystitis glandularis proliferans) without the condition becoming malig- 
nant. (Fig. 154.) Other examples are seen at the edge of a chronic 
ulcer of the skin or the stomach, and in the uterus, ureter and other 
organs lined by epithelium. 



Fio. 153. — Carcinoma in situ. X 126. serosa. X 12. 


Autopsy Examination.— The postmortem examination of most cases 
of tumor formation is simple enough, for the nature of the primary 
growth and metastases can usually be inferred from the location of 
the tumor and its gross characteristics followed later by microscopic 
examination. But there may be difficulties. It may be hard to know 
which is the primary and which the secondary growth. For instance, 
tumors may be found in the brain, lung, and adrenal, and these are 
composed of undifferentiated round cells. Our knowledge of the 
general behavior of tumors tells us that if the patient is a child under 
the age of four years the primary tumor is almost certainly neuroblas- 
toma of the adrenal medulla; on the other hand, if the patient is an 
adult the primary growth is equally certainly an anaplastic carcinoma 
of the lung. In neither case could the primary growth be in the brain, 
because the glioma though malignant does not metastasize. The 
same pathological reasoning can, of course, be applied to the living 
patient. In some organs a primary malignant tumor is very rare, 
e. g., liver, spleen, heart. A^en a tumor is found in one of these 
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organs it is most likely secondary and a careful search must be made 
for a primary tumor elsewhere. It is easy to overlook carcinoma in 
the lowest part of the rectum and in the prostate. 

^ Biopsy Examination.— A biopsy is the examination of a piece of 
tissue removed during life. The fate of the patient may depend on a 
correct report, and it is the duty of the surgeon to take certain pre- 
cautions in removing the specimen. In the case of a doubtful breast 
tumor the entire lump must be removed, not a small piece of it. 
Whether the tumor is innocent or malignant the lump must come out, 
and if only a portion is removed the essential lesion may be missed. 
Similarly a small ulcer of the lip should be excised entire and then 
examined. The surgeon w411 not wish to remove a large ulcerated 
area on the tongue, cervix or rectum if it should prove to be innocent. 
Here it is suflBcient to excise a piece of the edge of the ulcer. If the 
lesion on the tongue or cerv^ix is malignant it is an epithelioma which is 
recognized by infiltration of the deeper parts. The section must 
therefore go deep. A shaving of the surface is worse than useless. 
In the rectum a malignant tumor will be an adenocarcinoma, so that 
a more superficial section will suffice. The tissue must be placed 
at once in a fixative (10 per cent formalin, etc.). This is of particular 
importance when the specimen has to be sent in from a distance. The 
worst thing that can happen to a small piece of tissue is to be allowed 
to dry. 

Tumors of lymph nodes and bone are particularly hard to diagnose 
by physical examination, so that the clinician turns to the pathologist 
for assistance. Removal of an isolated lymph node is a harmless 
procedure, and sometimes gives valuable information. But removal 
of a lymph node in diseases of the lymphatic system is much overdone. 
If the physician, after a careful clinical and blood examination, is 
still in doubt, the pathologist is also likely to be in difficulty. As 
regards microscopic diagnosis in general, one of the most difficult tasks 
is to differentiate between sarcoma and inflammatory tissue. 

The dangers of the biopsy are often discussed. Theoretically it 
might well be a means of spreading a malignant tumor owing to the 
opening up of bloodvessels and lymphatics. In actual practice this 
danger appears to be negligible. In the largest surgical clinics where 
biopsies are done all the time the percentage of metastases is certainly 
no higher than when this method is not used. F. C. Wood performed 
biopsies without any special precautions on a large number of rats 
with carcinoma, and an equal number were left untouched. At the 
end of some months the animals were killed, and no difference in 
number of lung metastases was found in the two sets of animals. No 
one is afraid of using the diagnostic curettage, where there ought to 
be every chance of spreading the malignant cells. The biopsy should 
be used more, not less. 
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CHAPTER XI 


VITAMIN DEFICIENCY 

An adequate supply of protein, carbohydrate, fat, and mineral salts 
is not sufficient for the needs of the living body. F. G. Hopkins, 
McCollum, Funk, and others have shown that certain accessory food 
factors are also necessary for life. They are therefore called vitamins. 
Some of them exercise a remarkable regulating effect over such funda- 
mental processes as calcification and bone formation. Moreover, in 
the absence of vitamins neither proteins, carbohydrates, fats, nor 
salts are properly utilized. The vitamins are therefore true regulators. 
They are synthesized by plants, not by animals. Man’s supply there- 
fore comes either directly from plants or from animals which have 
eaten plants and stored up the vitamins. 

For long we knew no more of the nature of the vitamins than of 
the nature of electricity, although both could readily be recognized 
by the effects which they produced. Now many of them have not 
only been obtained in chemically pure form from their sources in nature, 
but have been synthesized in the laboratory. They need only be 
present in minute amounts, but their absence (avitaminosis) leads to 
profound pathological changes. Some of these deficiency diseases such 
as rickets and scurvy have been known for centuries and empirical 
methods of treatment have been successfully employed. The old 
explorers recognized the value of fresh fruit in the prevention of scurvy, 
and cod-liver oil has been used for the treatment of rickets for more 
than a hundred years. 

Avitaminosis or insufficiency of vitamins may be a manifestation of 
'primary malnutrition caused by dietary inadequacy; even the so- 
called bland diet of a hospital regime may lead to vitamin deficiency. 
Much malnutrition, however, is secorvdary to disease. There may be 
interference with absorption from the bowel due to intestinal lesions. 
Diffuse disease of the liver such as cirrhosis may diminish the storage 
capacity of the liver. Fever, hyperthyroidism and pregnancy may 
accelerate metabolism and thus increase the nutritional requirements 
of the body. Even glucose solution given over a period of several days 
will wash out the reservoirs of thiamine, and may lead to the develop- 
ment of acute symptoms such as severe vomiting and paralytic ileus. 

Owing to former ignorance as to the composition and nature of the 
vitamins it has not been possible to give them satisfactory names. 
They are usually called after the names of the alphabet. They may be 
called after the diseases which their absence will induce. Finally tliey 
are divided into the two groups of fat-soluble and water-soluble vita- 
mins. The fat-soluble vitamins are A, D, E, and K; they are found 
principally in fats and oils. The water-soluble vitamins are B and C. 

( 319 ) 
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The order here adopted is irregular, but it has helped the writer and 
it may possibly be of assistance to the reader. The six vitamins are 
divided into three groups as follows: (1) A and D; (2) the B complex; 
and C; and (3) E. The first group includes the chief of the fat-soluble 
vitamins. Vitamin A should be associated with vitamin D in the 
reader’s mind, because they are both contained in cod-liver oil, and 
at first were not recognized separately, being grouped together as 
vitamin A; it was only later that vitamin D was separated from the 
group. The second group includes the water-soluble B complex or 
thiamine and C. B prevents beri-beri and C prevents scurvy, the 
alliteration lightening the task for the memory. As beri-beri is a form 
of neuritis, B, or thiamine may be regarded as an antineuritic vitamin. 
In pellagra, the disease associated with the absence of vitamin nicotinic 
acid, another part of the B complex, the nervous system is again 
involved. The water-soluble forms are stored in much smaller amounts 
than the fat-soluble, and the reserves of vitamin Bi are rather quickly 
exhausted. The third group comprises vitamin E, of less importance 
in medicine, a fat-soluble vitamin; when absent from the food sterility 
may result. 

As Wolbach points out in his excellent review of the subject, some 
of the lesions accompanying vitamin deficiency are primary and 
specific, while others are secondary and non-specific. The primary 
lesions are all manifestations of retardation or suppression of normal 
processes. The lesions may be biochemical and invisible, rather than 
histological and visible. These biochemical lesions may be the result 
of interference with intracellular respiration, for several vitamins 
appear to regulate the action of the enzymes essential for intracellular 
oxidations and reductions, if indeed they are not related to these 
enzymes chemically. 

Although intensive investigation has been carried on with regard to 
individual vitamins, it must be remembered that malnutrition is often 
not the result of absence of any one vitamin, that the administration 
6f a single vitamin in a chemically pure state may not serve to correct 
the condition, and that no laboratory mixture is the equal of a good 
well-balanced diet. Moreover it is not p)ossible to keep an animal alive 
on a vitamin-free diet to which has been added all the pure vitamins 
known. 

Vitamin A.— Vitamin A is found in bright yellow foods such as 
butter, eggs, com, sweet potatoes. Being fat-soluble, it is stored in the 
fat^of animals, and it is present in greatest abundance i n cod-liver oil 
(although much is lost in the process of refining), but fresST milk con- 
tains an adequate supply for the growing child, especially when com- 
bined with yolk of eggs. Moore has shown that animals can synthesize 
it in the liver from the vegetable pigment carotene, so that it may be 
given directly as cod-liver oil or indirectly as vegetables. The con- 
version takes place in the liver through the action of an enzyme. The 
vitamin has been isolated in chemically pure form, and has been 
synthesized. 
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Vitamin A ^ves a green fluorescence in ultra-violet light, which 
disappears rapidly. Popper points out that similar fluorescence, pre- 
sumably due to vitamin A, can be seen in frozen sections of certain 
tissues. It is most marked in the liver, adrenal cortex, and corpus 
luteum. In hypervitaminosis A the amount is increased. 

The basic lesion of vitamin A deficiency is atrophy of columnar 
epithelium and a substitution of stratified keratinizing epithelium due 
to proliferation of the basal cells, i. g., a keratinizing metaplasia, which 
may be regarded as an attempt at repair following atrophy (Wolbach). 
In the human infant this occurs in the conjunctiva, nasal mucosa, 
accessory nasal sinuses, salivary glands, trachea, bronchi, pancreas, 
renal pelvis, ureters, and uterus. The commonest and earliest change 
is in the trachea and bronchi, and death is often due to pneumonia. 
The lumen of the ducts is blocked by desquamated keratinized cells 
so that cysts are formed in glands, bronchiectatic cavities in the lungs, 
etc. In the eye a late effect is xerophthalmia. The cornea dries up 
(zeros, dry) and becomes ulcerated and infect^ This is due to involve- 
ment of tne lacrimal glands, as a result of whiclTthe tears are no longer 
produced and the cornea is not bathed with fluid as it should be. 
Mellanby suggests that the corneal lesion may be due to loss of the 
neurotrophic control of the cornea by the ophthalmic division of the 
trigeminal nerve, for degeneration of the myelin sheath of that ner\'e 
develops at the same time as the corneal degeneration, and in early 
cases both lesions are recovered from as the result of adding vitamin A 
to the diet. The salivary glands also become dried up. Xerophthal- 
mia is rarely seen in Europe and America, but in Japan and other 
eastern countries poorly-nourished children not infrequently develop 
the condition. 

It has been suggested by E. Mellanby that vitamin A protects the 
body against infection, and it has been called the anti-infection vita - 
min. Possibly the epithelial metaplasia which follows deficiency of 
the vitamin is responsible for a local lowering of resistance to infection. 
It is certainly the case that animals on a diet deficient in vitamin A 
are peculiarly liable to develop local infections. Therapeutic possi- 
bilities suggest themselves, but it is not wise to say more than this. 

Animals on a diet deficient in vitamin A may develop degenerative 
lesions in the posterior and lateral columns of the spinal cord. These 
are very similar to the lesions (combined degeneration) often seen 
in the cord in severe cases of pernicious anemia. It is possible that 
there are two dietetic factors in the production of the advanced picture 
of pernicious anemia: (1) a water-soluble factor concerned with the 
formation of the red blood cells, and (2) a fat-soluble factor absence 
of which leads to degeneration in the central nervous system. 

Testicular degeneration affecting the seminiferous epithelium develops 
in rats on a deficient diet. This is similar to the change caused by 
vitamin E deficiency. 

Night-blindness (hemeralopia, more correctly nyctalopia) has long 
been known to be benefited by cod-liver oil. Hippocrates recommended 
21 
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ox liver dipped in honey for a cure, and in Newfoundland cod’s liver is 
a popular remedy. Any source of vitamin A will effect a cure. Night- 
blindness is due to exhaustion of the visual purple, after prolonged 
exposure to brilliant sunlight, and lack of vitamin A interferes with 
regeneration of the visual purple. 

Vitamin D.— Much of the romance of the vitamins centers around 
this member of the group. Being fat-soluble it was at first confused 
with vitamin A, which is also fat-soluble. Later it was found that 
the antirachitic factor in cod-liver oil was quite different from the 
antixerophthalmic factor. Milk, butter, egg-yolk, and other fats 
contain vitamin D, but far the most abundant supply is cod-liver oil. 
The vitamin has been obtained chemically pure. It has the same 
chemical formula as ergosterol, C 27 H 4 iOH, and appears to be an 
isomer of that substance, being formed from it as the result of the 
action of ultra-violet light. 

Vitamin D controls calcium metabolism. Whether or not it acts 
in conjunction with the parathyroids is uncertain; probably not. 
The vitamin has two fundamental and independent actions: (1) to 
increase the absorption of calcium from the gastro-intestinal canal, 
and (2) to increase the excretion of phosphorus in the urine. When the 
vitamin is deficient or absent from the diet there is great interference 
with calcification and rickets results. What is actually interfered with 
is the calcification of the proliferating cartilage at the epiphyses. This 
must be distinguished from true ossification which consists in the 
replacement of the calcified cartilage by true bone and bone-mnrrow. 
The complex subject of rickets and the several etiological factors 
involved will be discussed in connection with the diseases of bones, 
and will therefore not be considered here. 

The work of May Mellanby has shown what an important influence 
vitamin D has on the development of the teeth both in the experimental 
animal and in the child. When the diet contains an abundance 
of vitamin D (milk, egg-yolk, etc.), the teeth are even, bright, shiny, 
and well formed. With a diet poor in vitamin D, especially if it is 
rich in cereals, the teeth are uneven, poorly calcified, dull, and dis- 
colored. Caries is a disease of poorly developed and poorly calcified 
teeth, but there is no general agreement as to the relationship between 
avitaminosis and the development of human caries. The matter is 
discussed further in Chapter XXXV. Even when caries has started 
in poorly-formed teeth it can be arrested by putting the child on an 
adequate diet owing to the formation of secondary dentine as the result 
of the action of vitamin D. Cereals have a remarkable effect both in 
interfering with calcification and in encouraging caries. The inhabi- 
tants of the little island of Tristan da Cunha in the south Atlantic have 
the most perfect teeth of any Anglo-Saxon community in the world, 
entirely free from caries although there is not a toothbrush on the 
island. Cereals are unknown there, for the enormous number of 
rodents has made their cultivation imi>ossible. 

The possibility of hypervitaminosis deserves mention, although 



VITAMIN B 


323 


there is no danger of this with ordinary therapeutic doses. When 
large over-doses of vitamin D (irradiated ergosterol) are given there 
is hypercalcemia and hyperphosphatemia. If the diet is deficient in 
calcium there is removal of calcium from the bones. If, on the other 
hand, the diet is rich in calcium the bones are much less affected, but 
there are calcareous deposits in many of the tissues, being most marked 
in the renal tubules and the walls of the arteries. Renal insufficiency 
favors calcification of the soft tissues, for it interferes with the excre- 
tion of phosphorus, and high serum phosphorus is even more importwt 
than high serum calcium in promoting calcification of soft parts. 

Vitamin B.— Vitamin B, one of the water-soluble vitamins, is a 
complex substance containing a number of components; for that reason 
the term vitamin B complex has come into use. The complex may be 
defined as the collection of vitamins present in the yeast cell. New 
factors are continually being separated but at the present time the 
most important are thiamin or Bi, riboflavin or B2 (formerly known as 
vitamin G), pyridoxine or Be, nicotinic acid, and pantothenic acid. 
To these may be added paraminobenzoic acid, inositol, biotin and 
choline. The chemical formula of each member of the B group is 
now known, and each has been synthesized in the laboratory. The 
vitamin is one of the most widely distributed, being present in all 
natural foodstuffs, but much of it is lost in the process of refining and 
of converting natural foods into artificial foods, as in the case of white 
bread, polished rice, etc. 

Thiamin or Bi is the antineuritic vitamin. It is the heat-labile com- 
ponent of the complex, and is an essential factor in enzyme systems 
concerned with carbohydrate metabolism. When rice is polished the 
skin and the embryo are removed, and it is these which contain the 
vitamin. Birds fed on polished rice develop an avitaminosis known as 
the polyneuritis of birds or rice disease. This is characterized by 
extreme ataxia followed by paresis due to peripheral neuritis, together 
with anemia, lymphopenia, and hyperglycemia. In experimental 
observations on pigs, Follis and his associates found focal and diffuse 
myocardial necrosis associated with marked cardiac dilatation in 
animals dying of thiamin deficiency. Thiamin deficiency is involved 
in the neuritis recurring in chronic alcoholism, pregnancy and diabetes. 
Its most striking manifestation is beri-beri, although this is certainly 
not an example of pure vitamin Bi deficiency. Milder forms of thiamin 
deficiency, which may be due to the use of a diet composed largely of 
white bread, are not uncommon. They are characterize by symptoms 
suggesting myocardial disease, such as tachycardia, dyspnea, edema, 
and enlargement of the heart. These may be associated with numbness 
and tingling of the hands and feet. 

Riboflavin or B2 plays an important part in normal tissue respiration. 
Mild forms of aribofiavinosis are not uncommon among the under- 
nourished and those who subsist on absurdly inadequate diets with the 
object of improving their figure. Severe eye manifestations are seen 
principally in the southern states of America. There may be cheilosis 
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(fissured lesions at the comers of the mouth), erosions around the eyes, 
and rough desquamation of the sides of the nose. The most serious 
disturbances are those involving the eye. In those whose occupation 
exposes them to bright light (including workers with the microscope) 
there may be photophobia, eye fatigue, redness of the conjunctiva and 
lower lids. The earliest and most common sign is circumcorneal injec- 
tion, best revealed by the slit lamp. In more advanced cases there is 
invasion of the cornea by capillaries arising from the limbic plexus 
with final comeal opacity and keratitis. 

Nicotinic acid is necessary for normal tissue oxidation. It is known 
as the P— P or pellagra-preventing factor, and is of great value in 
treating the major symptoms of pellagra, although that disease is not 
an example of a pure avitaminosis but is apparently due to multiple 
nutritional deficiencies. Pellagra is a disease of maize-eating countries 
(Italy, the southern United States, etc.), but is not confined to these 
regions. There is a curiously symmetrical pigmentation and erythema 
followed by desquamation of the exposed parts of the body (face and 
back of hands), gastro-intestinal disturbance, and finally nervous and 
mental disorders. Muscular weakness is marked. The chief micro- 
scopic lesions of the skin are a severe grade of hyperkeratosis in the 
epidermis and edema and congestion in the dermis, with some round- 
cell infiltration in the superficial layers of the dermis. 

Gillman and Gillman, by means of repeated liver puncture on South 
African negroes suffering from pellagra, have shown that fundamentally 
important changes take place in the liver in the course of the disease. 
The first change is extensive fatty degeneration. This is followed by a 
massive accumulation of iron pigment in the liver cells, necrosis of 
these cells, and finally cirrhosis. This of course is the picture of hemo- 
chromatosis. According to Gillman and Gillman 20 per cent of pel- 
lagrins in South Africa show evidence of incipient or frank cirrhosis 
of the liver. 

Pantothenic add is essential for the groAVth of many bacteria. Defi- 
ciency of this vitamin has been studied chiefly in rats and chicks. 
Two lesions of rats bear some resemblance to pathological conditions 
observed in man, namely acute necrosis of the liver and the bilateral 
necrosis of the renal cortex which is a rare complication of human 
pregnancy. Vitamin B-deficient diet is poor in choline, and it is 
possible that this lack is responsible for the lesions in the liver and 
kidney (Gy orgy and Goldblatt). 

Beri-beri.— Beri-beri is a disease of eastern countries due to eating 
polished rice. The principal features are peripheral neuritis, edema, 
and myocardial weakness, a triad of symptoms which is found in no 
other disease. The disease differs in some respects from the experi- 
mental rice disease of birds. In both there is polyneuritis, but the 
birds do not show the edema and cardiac failure, while the beri-beri 
patients do not show the anemia, lymphopenia, and hyperglycemia 
characteristic of the experimental disease. Vitamin deficiency is an 
essential factor in the production of beri-beri, but it is rarely so com- 
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plete as to be the sole agent, and it is probable that the addition of an 
infection is needed to give the classical picture. 

Among the autopsy findings are edema of the legs, fluid in the serous 
sacs, and marked enlargement (both hypertrophy and dilatation) of 
the right side of the heart. In addition there is marked degeneration 
of the peripheral nerves (Wallerian degeneration) and degenerative 
changes in the motor nerve cells of the anterior horn of the spinal cord 
and of the sensory nerve cells in the posterior root ganglia. 

A form of pellagra may occur as the result of chronic gastro-intestiflal 
disease. The patients show the characteristic gauntlet or glove derma- 
titis, but the other signs are not so marked as in the edemic form. 
Among the conditions which have given rise to this form of deficiency 
disease are extensive cancer of the stomach, postoperative obstructive 
lesions of the small bowel, and inflammation and cancer of the eolon. 

Vitamin C.— The other water-soluble vitamin is the antiscorbutic 
one. Vitamin C is present in all fresh fruits and vegetables, being 
particularly abundant in tomato, orange, lemon, and grape-fruit. It 
is present in smaller amount in fresh meat and milk. Steffanson 
maintained himself in the Arctic on a diet of fresh meat alone without 
developing scurvy. The vitamin is easily destroyed by heat, so that 
boiled or pasteurized milk may be completely lacking in it. It is the 
duration of heating rather than the actual temperature which seems to 
matter. The drying of fruits also destroys the vitamin. 

Vitamin C is identical with an hexuronic acid (ascorbic acid), iso- 
lated in crystalline form from adrenal cortex as well as fruit juices. 
It can be demonstrated in the gross by an intense blackening produced 
by silver nitrate on exposure to light. The adrenal cortex in scurvy 
is depleted of fat and cholesterol as well as of vitamin C. In scurvy the 
level of ascorbic acid is low in the urine and very low in the blood. In 
health the tissues should be saturated with the vitamin, and when the 
dye 2:6-dichlorphenolindophenol is injected intradermally it is dis- 
colored. This does not occur when the vitamin is deficient. 

Scurvy (Scorbutus).— Scurvy is the result of a deficiency of vitamin 
C in the food. Once the scourge of sailors and explorers who were 
unable to carry supplies of fresh fruit and vegetables, it is now seldom 
seen in the adult since it was found that lime juice would act as an 
excellent preventive. The true reason for the prophylactic power 
of the lime juice is, of course, a modern discovery. In war, in 
beleaguered cities, etc., scurv^y may still prove a menace. In some coun- 
tries the potato is the chief antiscorbutic article of diet during the 
winter months. In such a country as Ireland a potato famine has 
often been accompanied by an outbreak of scurvy. But it is in children 
that the disease is most likely to be seen at the present day, for modem 
methods tend to destroy the vitamin in the child’s natural food. 
Scurvy is practically never met with in breast-fed children. But it 
may develop in bottle-fed babies, for the sterilization of the milk 
(boiling or pasteurization) destroys the antiscorbutic vitamin. Even 
keeping the milk instead of using it fresh lessens the vitamin content. 
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The addition of orange juice to sterilized milk restores to the full its 
antiscorbutic power. 

The obvious lesions of scurvy are hemorrhages and changes in the 
bones. But the essential underlying lesion is an inability of the sup- 
porting tissues to produce and maintain intercellular substances. The 
effect is on cells of mesenchymal origin in contrast to the ectodermal 
and entodermal effects of vitamin A deficiency. The intercellular 
substances concerned are the collagen of all fibrous tissues, the matrix 
of bone, dentine and cartilage, and all non-epithelial cement substance 
including that of vascular endothelium. The weakening of the capil- 
lary walls is responsible for the hemorrhage which forms so prominent 
a feature of the disease. There may be hemorrhages in rhe skin, mucous 
membranes, muscles, lungs, nerve sheaths, under the periosteum, and 
into the joints. Hemorrhage in the adrenals is one of the earliest 
changes in experimental scurvy. The gums are soft, spongj', and bleed 
readily and the teeth may fall out. If the teeth are bad, the mouth and 
breath become very foul. Bone formation is brought to a standstill, 
and as the normal process of bone absorption still goes on the bones 
become rarefied and fragile. The formation of the cartilaginous and 
bony matrix ceases, the osteoblasts become elongated, assume the 
shape of fibroblasts, proliferate, and acciunulate between the bone and 
periosteum, forming a thick cellular layer devoid of matrix into which 
massive hemorrhages occur. Characteristic lesions are seen at the 
epiphyseal line. The normal narrow line of ossification is broadened 
and dense, giving a pathognomonic picture in the roentgen-ray fihn. 
Fragments of bone are scattered about, and hemorrhages are frequent. 
It is not a disturbance of calcification as in rickets, but of ossification. 
When a proper diet is given, osteogenesis is rapidly' resumed. 

Infantile Scurvy (Harlow's Infantile scurvy is similar to 

adult scurvy, but the symptoms due to the bone lesions dominate the 
picture. The legs are so tender that the child screams if they are 
even touched. This tenderness is due to subperiosteal hemorrhages. 
Growth of the bones is naturally in abeyance. The gums may be 
tender and bleeding. The disea.se usually appears in the second half 
of the first year. After the second year it is seldom seen in an acute 
form as the diet is more varied, but there may be minor manifes- 
tations which are often unrecognized. 

The condition of the blood is of interest in scurvy whether adult, 
infantile or experimental. In all forms a secondary anemia develops, 
and the red marrow shows a corresponding picture, i. e., disappear- 
ance of fat and cellular hyperplasia. Tieatment with orange juice 
or a diet rich in vitamin C produces a remarkable eflTect on the blood 
picture, for not only is there rapid regeneration of blood but there is 
an immediate increase in the number of reticulocytes. Treatjnent 
with liver extract from which vitamin C has been removed has no 
effect on the reticulocytes. Bone-marrow obtained by sternal puncture 
after orange-juice therapy shows a marked increase of nucleated red 
ceils, some of which show mitoses. 
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It is important to recognize that in the case of vitamin C as with 
the other vitamins there may be enough of a deficiency to produce 
symptoms of ill-health without the typical full-blown picture of scurvy. 
Mild manifestations of vitamin C deficiency are not infrequently seen 
in what is known as “bachelor scurvy/’ a condition of anemiai weak- 
ness, and occasional ecchymoses which develops in elderly men who 
live alone and who cook their own meals. 

Vitamin E.— This is the antisterility vitamin and belongs to the fat- 
soluble group. It is present in growing things, and is especially abun- 
dant in the wheat germ, but is contained in sufficient quantity in 
lettuce, meat, whole wheat and other foods. Deficiency of the vita- 
min produces different lesions in the two sexes. In the male the 
spermatozoa are destroyed, and there is finally degeneration of the 
entire seminiferous epithelium. In the female the ovaries do not 
appear to be injured, fertilization of the ovum occurs, and gestation 
commences, but about the eighth day in the rat pathological changes 
set in, in the placenta and the fetus dies and is absorbed. In addition to 
its effect on the reproductive function, vitamin E is a necessary factor 
for the preservation of the integrity of skeletal muscle. When female 
mice are maintained on a vitamin E low diet but are given a single 
dose of vitamin to ensure the birth of living young, the offspring show 
marked necrosis of skeletal muscle in 20 per cent of cases with early 
calcification (Pappenheimer) . 

Vitamin K.— In 1930 Dam, of Copenhagen, noticed that chicks fed 
on a deficient diet developed hemorrhages owing to the loss of coagulat- 
ing power of the blood, and that this was prevented by giving alfalfa. 
The (coagulation factor in the alfalfa was extracted, crystallized and 
finally' synthesized. It was called Koagulationsvitamin or vitamin K. 
The A’itainiu is necessary for the manufacture of prothrombin, so that 
when the vitaJiiin is deficient the prothrombin in the blood is low. 
Estimation of the plasma prothrombin thus affords a simple method 
of determining if there is deficiency of vitamin K. Such deficiency in 
man is probably never due to lack of the vitamin in the food. It does 
occur in obstructive jaundice and in hemorrhagic disease of the new- 
born. Unless bile is present in the bowel vitamin K is not absorbed, 
prothrombin is not formed in sufficient amount, and hemorrhage 
o(!Curs. Ill ohstructim jaundice bile is prevented from entering the 
bowel. This explains the marked tendency to bleeding after opera- 
tions on jaundiced patients. The bleeding can be prevented by the 
administration of bile and \itamin K, or by giving the synthetic 
vitamin by mouth (the synthetic product is absorbed without the 
assistance of bile), or intraAenously. If the liver is severely damaged 
(cirrhosis, amyloid, etc.) the administration of vitamin K is of no 
avail, because it is in the Ih er that the prothrombin is produced which 
is essential to coagulation. The explanation of bleeding in the new-hom 
is that vitamin K is produced by the action of intestinal bacteria, and 
these are absent during the first few days of life. At birth the baby 
has sufficient prothrombin from the maternal blood, but this rapidly 
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falls, and there may be severe and even fatal hemorrhage, particularly 
intracranial. This can be prevented by giving the mother vitamin K 
before delivery. 

Most of the work on the vitamins has consisted of devising special 
food mixtures and inducing in experimental animals such striking 
pictures as those of scurvy, rickets, and beri-beri. It is probable 
that in man, particularly in children, many minor disturbances may be 
due to deficiencies in diet. The reader is referred to McCarrison’s 
very interesting book for a discussion of this matter. McCarrison is 
of the opinion that much of the gastro-intestinal disorder so common 
at the present day is to be attributed to a deficient and ill-balanced 
diet. He says that the health of the alimentary canal is dependent 
on vitamins B and C, that lack of B gives rise to changes like colitis, 
while lack of C causes congestion and hemorrhages of the bowel even 
though the patient never develops the classical manifestations of 
scurvy. He shows that many of the organs atrophy in deficiency 
disease, but that in all of the deficiencies there is a remarkable enlarge- 
ment of the adrenals. 

It is possible that some forms of colitis may have a deficiency basis. 
Cases of coeliac disease (meaning disease of the abdomen) may clear up 
rapidly when the diet contains the proper vitamins. It is a peculiar 
condition affecting bottle-fed babies, coming on betvreen the ages of 
nine months and two years, and characterized by cessation of growth, 
diarrhea, large whitish frothy stools, abdominal distention, weakness, 
and a frequent association of scorbutic symptoms. Vitamin A defi- 
ciency may play a part. 

The laboratory worker concentrates on producing a single deficiency 
in the experimental animal. In man many of the deficiency diseases 
are multiple deficiencies, for dietary deficiency is rarely confined to a 
single factor, at least in this country. For this reason the administra- 
tion of pure vitamins is rarely sufficient for a cure, and is never a sub- 
stitute for a good general diet. In 1939 over $86,000,000 were spent 
by the United States public in buying vitamins. It is better and 
infinitely cheaper to get one’s vitamins from the grocery store, where 
they have been manufactured by Nature, than from the drug store 
where they have been manufactured by man. 
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CHAPTER XII 


INJURIES CAUSED BY PHYSICAL IRRITANTS 

HEAT 

Bums.— The effects of a burn depend on two quite different factors: 
(1) its severity, and (2) its extent. An extensive burn of moderate 
severity may be as serious as a severe but localized burn. There are 
three degrees of severity. The first degree indicates damage to the 
epidermis with hyperemia and vesication, the second degree involves 
dermis as well as epidermis with varying amounts of damage to 
sebaceous and sweat glands and their hair follicles, whilst in the third 
degree the entire thickness of the skin is destroyed. 

The systemic effects of severe burns are very important, and there 
is much difference of opinion as to their explanation. When the burn 
covers a large surface the patient may die within twenty-four hours 
of shock— at least the symptoms are the same as those of traumatic 
shock. If death does not take place within that period a series of 
apparently toxic symptoms develop, such as delirium, vomiting, bloody 
diarrhea and circulatory failure. In experimental burns immediate 
removal of the burned area prevents the onset of these symptoms, and 
if the burned area is transplanted into a normal animal the symptoms 
will appear in that animal. Such facts suggest that some at least of 
the symptoms are due to the absorption of toxins from the burnt 
surface, but there is no agreement as to the nature of the toxin. Hista- 
mine may be liberated and may be responsible for the shock. A deep 
but limited bum may be shut off from the general circulation by local 
thrombosis, so that general toxic symptoms fail to develop. 

Another factor which may be of even greater importance is con- 
centration of the blood, which rapidly occurs in superficial bums 
owing to a great outpouring of fluid through the damaged capillaries 
into the subcutaneous tissue. (Fig. 155.) This sudden local edema 
may lead to a remarkable concentration of the blood as shown by hemo- 
globin estimation (Underhill), and this leads in turn to circulatory 
failure and oxygen starvation of the tissues. The hemoconcentration 
sends up the red cell count, sometimes as high as 8,000,000. These 
features are, of course, those of shock. It is probable that the hemo- 
concentration is due to general as well as local loss of fluid. Such loss 
is the essence of the shock syndrome, and may be attributed to toxic 
action on capillary endothelium throughout the body increasing its 
permeability. Ham has shown by experiments on the skin of the 
young hog that when only the superficial layer of dermis is involved 
tanning of the skin by means of tannic acid prevents fluid loss from the 
( 330 ) 



HEAT 


331 


superficial plexus of vessels which are normally concerned in tempera- 
ture regulation. In deeper bums there is no such effect, because the 
fluid loss is from vessels which cannot be reached by the tanning 
process. 

Autopsy on the early cases shows little beyond congestion of the 
brain and meninges. At a slightly later stage the autopsy picture of 
shock may be presented, i, e,, congestion, edema and hemorrhage in 
the viscera, especially the lungs, and fluid in the serous cavities. After 
about the third day lesions may appear which for want of a better word 



Fig. 165 Fig. 156 

Fig. 155. — Severe bum of skin showing gi‘eat edema and thrombosed vessel. X 176. 
Fig. 156. — Necrosis of liver in a case of burns treated with tannic acid. X 120. 


may be called toxemic. Cloudy swelling is marked in the liver, kidney, 
etc. Necrosis of the liver is often found in fatal cases by the third or 
fourth day, most marked in the central and mid-zone areas. This 
necrosis may be extremely severe, so that the picture may actually 
resemble that of yellow atrophy of the liver. (Fig. 156.) Mitoses are 
common and intranuclear inclusions like those of yellow fever may be 
present (Belt). These lesions have become noteworthy since tannic 
acid became the accepted treatment of bums. Wells and his associates 
have produced identical and fatal lesions by the subcutaneous injec- 
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tion of tannic acid. It seems probable that the hepatic necrosis is due 
to the tannic acid treatment, which for long has been a favorite method 
of dealing with burns. It is not a characteristic lesion of fatal cases 
not treated with tannic acid (Baker). The matter is complicated by 
the fact that tannic acid tides the patient with bums over the first 
few critical days, and it is only after this interval that the liver lesions 
either of bums or tannic acid become apparent. In the Hospital for 
Sick Children, Toronto, careful autopsy examination on tanned and 
untanned cases of bums showed liver necrosis in 61 per cent of the 
tanned cases, whereas no liver necrosis occurred in the untanned group 
(Erb, Morgan and Farmer). I have seen bilateral necrosis of the 
renal cortex due to thrombosis. A large amount of blood pigment 
may be deposited in the kidney, particularly in the straight tubules. 
The adrenals are much swollen, deep red in color, and show numerous 
hemorrhages. Hemorrhages are present under the endocardium and 
epicardium. Acute duodenal ulcers occasionally develop, perhaps due 
to the action of toxins absorbed, perhaps to emboli. 

Heat Stroke. —This is essentially a paralysis of the heat-regulating mech- 
anism caused by exposure to excessive heat. The actual temperature required 
depends on the humidity and varies with different persons. Heat loss is largely 
regulated by sweating, and some people can perspire very little. Complete 
saturation of the air with water vapor when the temperature is 90® F. causes 
an uncontrollable rise of body temperature. Wlien the air temperature exceeds 
the body temperature all loss of heat by radiation ceases, and regulation of 
temperature is entirely dependent on sweating. A distinction is often drawn 
between heat exhaustion and heat stroke. It is doubtful if they differ other 
than in degree. In heat exhaustion the heat-regulating mechanism is severely 
strained, and the patient manifests weakness, pallor, stupor, and lovV blood- 
pressure. The temperature may be slightly raised, but on the other hand it 
may be subnormal. In heat stroke the heat-regulating mechanism is over- 
whelmed, and the temperature may rise 10° or more. One case is on record 
in which the temperature reached 117° F. It should be noted that the rectal 
temperature may be much higher than the temperature in the mouth or the 
axilla. 

Heat stroke may be caused by direct exposure to the sun, the condition 
known as sun stroke. The ultra-violet rays have no relation to the condition. 
Blit the same effect is produced by exposure to any great heat, especially when 
combined with marked humidity. Men in steel works, engine rooms, etc., 
often suffer in this way. 

In the condition of heat stroke the patient may die with startling suddenness. 
He may fall down unconscious, a condition known as heat apoplexy , not uncom- 
mon in soldiers on forced marches in tropical countries. Even in the less 
sudden cases the patient may soon become unconscious. In heat exhaustion 
the skin may be moist, but in heat stroke it is usually dry and burning; the 
patient appears unable to i^erspire. The temperature may rise to great heights, 
but not in every case. 

The pathological lesions are very indefinite. The chief autopsy findings are 
pietechial hemorrhages in the skin and mucous membranes, hyperemia or 
actual hemorrhages in the brain, cerebral and pulmonary edema, enlargement 
of the spleen, and cloudy swelling of the liver, kidneys and heart. The water 
content of the brain is high. Patients with a temperature of 110° F. have 
recovered, but such a temperature can only be endured for a short time, for 
it has been shown experimentally that a temperature of 108° F. if long con- 
tinued will cause coagulation of the globulin of the nerve cells. After death 
from heat stroke the body shows very rapid and very marked rigor mortis. 
Postmortem decomposition also sets in very quickly. 
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COLD 

Death from Preezing.— When a person inadequately protected is 
exposed to severe and long-continued cold, and the blood is driven from 
the surface into the interior of the body. The temperature gradually 
falls, metabolism slows down, and the patient is overcome by the 
irresistible and fatal desire to sleep, so well known to mountaineers 
caught by bad weather at high altitudes. When the temperature 
reaches 70° F. the heart stops. _ 

Frostbite.— The action of extreme cold on exposed parts of the 
body (nose, ears, hands, and even feet), especially when combined 
with the rapid loss of heat caused by wind, is to produce frostbite. 
As in the case of bums there are various degrees. In mild frost- 
bite the part, which is at first white and bloodless, becomes red, swollen, 
and very painful during the process of thawing out. In more marked 
cases there is some necrosis of the epidermis, with formation of blisters 
and subsequent desquamation. In the severe cases there is necrosis 
of the entire part and gangrene. If the cold is sufficiently great the 
fluid of the cells is crystallized, and the cells are tom to pieces by the 
ice crystals. In ordinary cases the major factor in the production of 
the gangrene is the ischemia due to extreme contraction of the blood- 
vessels, together with damage to the capillaries with the formation of 
hyaline thrombi. 

An important clement in the production of ischemia and anoxia is 
the process of fftasis, which occurs quite early in frostbite (Kreyberg). 
As a result of severe injury to the vessel wall there is exudation of the 
fluid elements of the blood, so that the red cells become agglutinated 
into a jelly-like column which blocks the lumen effectively with result- 
ing necrosis. The process is reversible if treatment be not delayed too 
long, even though the tissues have been frozen solid. The word stasis 
is here used in the Continental sense, rather than in its usual connota- 
tion of slowing of the blood stream. 

High altitude frostbite in aviators presents a special problem. In 
an airplane at great altitude the face can be exposed to severe cold for 
several hours, but under similar conditions the fingers suffer to such 
an extent that gangrene may result. Intense reflex vasospasm of the 
peripheral arterioles causes ischemia and local anoxia. The con- 
striction, which is almost instantaneous, occurs chiefly at the terminal 
end of the arterioles. This is followed by damage to the endothelium 
of the terminal capillary loops, with increased permeability of the 
loops or thrombosis at the arteriolar-capillary junction. If extravasa- 
tion of fluid occurs before thrombosis the hand may become dropsical 
owing to accumulation of fluid between dermis and epidermis, or blister- 
ing may occur. In cases where amputation of the fingers has been 
necessary later the arteries may show a remarkable fibrous thickening 
of the intima apparently unrelated to previous thrombosis. 

LIGHT 

Light is a form of energy and may act as an irritant mst as does heat. It 
is made up of vibrations of very varying wave length. The shorter the wave 
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length the less is the penetrating power and the more are the rays arrested in 
the skin where they excite irritation. The rays beyond the short wave end of 
the visible spectrum (ultra-violet) create most irritation, while those beyond 
the long wave end (infra-red) are most penetrating and cause least irritation. 
Light may affect the body in the following ways: 

1. Ultra-violet light produces the condition known as sunburn. This is 
independent of heat, for climbers on high snow peaks may be severely burned. 
The greater the altitude the more severe is the effect, for the short wave rays 
are no longer filtered out by a thick layer of atmosphere. Direct sunlight is 
not necessary, for the most severe bum I have ever experienced was on a day 
of thick mist in the Alps. The sensitivity of the skin varies much in different 
persons, depending on the amount of melanin it contains. Blondes burn much 
more readily than brunettes. The process of tanning (not burning) consists 
in a deposition of melanin in the more superficial layers. 

The pathology of sunburn is the same as that of a first degree burn. There 
is intense hyperemia, a varying degree of edema, and some emigration of 
leucocytes. The edema may be so great as to raise the skin in blisters. Marked 
desquamation may follow the burn. 

2. Those whose occupation exposes them for long periods to bright sunshine, 
e. g., farmers and sailors past middle age, often develop thickened patches or 
keratoses on the skin of the face and the back of the hands. The importance 
of these keratoses is that not infrequently they form the starting-point of 
carcinoma. 

Probably related to this condition is the rare but remarkably interesting 
disease known as xeroderma 'pigmentosum. This appears to be a congenital 
hypersensitiveness to the action of light. In young children following pro- 
longed exposure to sunlight there appears patches of erythema which go on 
to pigmentation. These patches then become rough and scaly, warty elevations 
appear (keratoses), and many of these become cancerous, so that the disease 
is usually fatal before the twentieth year. Metastases are rare both in this 
disease and in carcinoma following senile keratoses. There may be several 
cases in one family, but it is limited either to the males or the females. 

3. A hyperseTisitiveness to light may be present. In one of the rare inborn 
errors of metabolism, hematoporphyria congenita, hematoporphyrin is present 
in the blood and appears in the urine; the skin is hypersensitive to bright light, 
developing vesicles. The bones are pigmented. Even more remarkable is 
the sensitization which follows the experimental injection of hematoporphyrin. 
When an animal is treated in this way it becomes as sensitive to ordinary 
white light from which the ultra-violet rays are excluded by red glass as is 
a normal animal to ultra-violet rays. The hematoporphyrin appears to act 
as a sensitizer in the photographic sense. When the sensitized tissues are 
exposed to ordinary light there is a complete stasis in the vessels followed by 
necrosis. Exposure to intense light is followed by acute general effects, i. e., 
excitement, convulsions, and death in the course of a short time. 

4. Ultra-violet light exerts a photochemical action on the lipoids of the skin. 
The ergosterol of the skin seems to be activated by ultra-violet light and con- 
verted into vitamin D. Sunlight or the ultra-violet light from a mercury- 
vapor lamp is as efficacious in the treatment of a vitamin D deficiency disease 
like rickets as is the administration of cod-liver oil. 


ELECTRICIT7 

The passage of an electric current through the body may cause 
bums of varjdng severity or may result in death; the latter condition 
is known as electrocution. 

The heal effects are those of a burn. The current enters the body 
at one spot and leaves it at another. It is at these points where 
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resistance is encountered that evidence of the burn is most marked. 
At the point of exit the lesion is particularly severe, as in a gunshot 
wound,, the tissues sometimes showing radiating tears. The point of 
exit is often on the feet, as the current leaves the body there to pass 
into the ground. The burn may be of any degree of severity. It 
usually does not look as bad as it really is. At first it is dry and 
bloodless, but in the course of thirty-six hours marked hyperemia and 
edema have developed. Little cavities may be found in the epidermis, 
supposed to be caused by the sudden generation of steam. A slou^ 
separates, and the ulcer thus formed is singularly slow to heal, usually 
taking two or three times as long as in the case of an ordinary burn. 

The general effects resemble those of any severe burn. In fatal 
cases the viscera are congested, the serous membranes show petechial 
hemorrhages, the lungs are edematous, and the right ventricle is full 
of dark fluid blood. Death is probably due to respiratory rather than 
to cardiac failure, for the patient may sometimes be resuscitated by 
prolonged artificial respiration. The muscles are flaccid, although 
during life they may be in a state of severe tetanic spasm. There may 
be chromatolysis and degeneration of the nerve cells. The blood- 
vessels are severely injured for they serve as good conductors of the 
current, so that thrombosis and severe hemorrhages are common. 
In judicial electrocution the current is applied to the central nervous 
system and death is instantaneous, so that most of the above changes 
are not found. 

Lightning produces the same results. There may be all kinds of 
skin wounds— puncture wounds, lacerations and bruises. Bands of 
scorched skin may pass from the point of entry (usually the head) 
down the body to the point of exit. The most characteristic feature is 
the so-called current markings or lightning figures, peculiar arborescent 
red lines on the skin which are probably caused by the current being 
split up in dendriform fashion within the body. 

ROENTGEN-RAYS AND RADIUM 

The destructive effect of roentgen-rays and radium is identical, so 
that they may be considered together. The alpha rays and soft beta 
rays of radium are absorbed in the superficial layers and are therefore 
destructive to the skin; the hard beta rays and gamma rays penetrate 
readily and therefore are less likely to burn the skin. The alpha rays 
are the most potent agent known to science. They are 10,000 times 
more destructive than the gamma rays owing to the terrific impact of 
the alpha particle, and we shall see presently what happens w^hen 
they exert their influence on the interior of the body. Fortunately 
they are very readily screened out; a thickness of 1 mm. of tissue is 
sufficient to stop them. Roentgen-ray burns were common in the 
early days before the importance of screening was understood; they 
are seldom seen now. The radiations act primarily on the nucleus 
of the cell, not on the cytoplasm. The normal cell is far more vul- 
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nerable during division than in the resting stage; the same is true of 
tumor cells. 

Radiations may produce a burn of the skin, but this displays some 
very special features. The lesion does not appear at once, there being 
a latent period of about two weeks. The changes which then develop 
are of all degrees of severity. There may only be the usual hyperemia 
and sw^elling with falling-out of the hair. Blisters may form, and a 
necrotic slough may separate leaving an ulcer. The burned skin may 
become like parchment and may not separate for a considerable time. 
The bum may include the skin, the subcutaneous fat, and even the 
muscles. Healing is very slow, and scarring may go on for months, 
causing marked deformity. At any time fresh ulceration may develop 
in the affected area. Repair indeed is never complete. It has been 
well said that a healed roentgen-ray burn is not a cured roentgen-ray 
burn. 

A rather different set of changes is seen as the result of frequent 
small doses. These frequently developed in the hands of radiologists 
before eflBcient screening was practised. Some of the features of 
roentgen-ray dermatitis are as follows: patches of atrophy in the skin; 
areas of hyperkeratosis which may come and go, and finally may 
develop into carcinoma; scaliness of the skin and painful cracks and 
fissures; brittleness and splitting of the nails; a dermatitis like xero- 
derma pigmentosum; the development of telangiectases in the skin. 
The fingers and hands may be lost. 

These effects are due partly to the direct action of the radiations 
on the tissues, but are largely secondary to the all-important vascular 
changes. Microscopically there is the usual hyperemia and exudation 
of inflammation. In cases of long standing the epidermis shows 
marked signs of proliferation. Many of the cells are undergoing 
mitosis, and downgrowths of epithelial cells invade the corium. It is 
in these lesions that carcinoma is apt to develop. There may be an 
interval of some years between the last exposure and the development 
of carcinoma, but active processes are going on the whole time. Fibro- 
sis of the corium is marked, and the new fibrous tissue may be ex- 
tremely dense and acellular. Vascular changes are constant. The 
capillaries may be dilated and form telangiectases. In the arteries, 
and to a lesser degree in the veins, there is a remarkable thickening 
of the subendothelial coat producing extreme narrowing of the lumen 
and in many cases complete occlusion. It is for this reason that 
proper healing is impossible and that subsequent breaking-down of 
the scar is so frequent. Thrombosis is common in the narrowed 
vessels. 

Industrial Hasards.— If radio-active substances in the form of salts gain 
entrance to the body there may be terrible consequences. These substances 
may be present in infinitesimal amounts, but as they are stored within the 
body, particularly in bones, their action is cumulative and unceasing. Roent- 
gen-ray pictures have been taken using the bones of a body exhumed five years 
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after death, so rich were they still in radio-active material. Workers with 
radio-active paints have been exposed to this hazard. Girls employed in 
painting luminous dials of watches used to lick the brushes many times a day. 
In this way the radio-active material gained entrance to the body, and the 
unscreened alpha rays, which are really particles of matter rather than true 
waves, were free to exert their destructive action. Being stored in the bones 
they set up a continual bombardment of the bone-marrow, with the result 
that a profound and fatal leucopenic anemia was produced. In addition both 
the upper and lower jaws developed destructive lesions like those of phosphorus 
poisoning, due as in that disease to bacterial infection from the mouth being 
superadded to a specific osteitis. Once the alpha particles have been introduced 
into the body it is impossible ever to get rid of them. For this reason the matter 
is one of great importance from the viewpoint of public health. 

TRAUMA 

The commonest of physical irritants is trauma, so common indeed 
that were the subject to be considered fully it would necessitate a 
discussion of injuries of every organ in the body. A few of its effects 
may be considered here. The most readily recognized result of trauma 
is bruising, due to tearing of minute vessels in the subcutaneous or 
deeper tissues. The resulting extravasation of blood may be diffuse or 
localized depending on the looseness or density of the tissue. The kalei- 
doscopic procession of colors in bruising of the tissues is well known; 
first red, then bluish-green, and finally fading away into yellow, as 
the hemoglobin is converted into bilirubin and then gradually removed. 
Signs of inflammation are also present especially when the injury is 
severe, due to liberation of histamine by the lacerated tissues. If there 
is great destruction of tissue, the histamine passing into the circulation 
may produce a condition of shock. There may be ruyture of viscera 
such as liver, spleen or bowel. It must be not^ that serious internal 
injuries may be produced without bruising of the skin, even though 
the trauma be quite severe. Traumatic head injuries, with or without 
fracture of the skull, are considered in Chapter XXXI. 

The relation of trauma to infection is of importance, quite apart 
from the introduction of bacteria from without. The part which 
trauma plays in the production of acute inflammation of bone (osteo- 
myelitis) is well recognized. Here the injury, perhaps by causing small 
hemorrhages, gives pyogenic bacteria circulating in the blood the 
chance to become colonized in the bone and form an abscess. Tuber- 
culous lesions of bones and joints may be caused in the same way. 
Mechanical injury in a syphilitic person may be followed by the devel- 
opment of a gumma in the traumatized area. Chronic ostec^artliritis 
bears a very direct relation to trauma, often frequently repeated and 
minor in degree, but here the lesion is not due to infection but to injury 
to the articular surface. 

Many other instances of the effect of trauma will be encountered 
in the sections dealing with Special Pathology; the examples given 
above are merely chosen as characteristic of the varied reactions which 
it may produce in the tissues. 


22 
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INCREASED ATMOSPHERIC PRESSURE 

Caisson disease or diver’s palsy is a result of a sudden alteration in the 
atmospheric pressure. A caisson is a cylinder containing air under high pres- 
sure used for sinking piers in the construction of bridges. Caisson workers, 
tunnel workers (under rivers), and divers are subjected to high air pressures. 
If they are “decompressed” too quicklj’^ or return to a normal atmosphere too 
suddenly they develop headache, vertigo, dyspnea, pains all over the body 
called “the bends,” and it may be paralysis. While the person is under high 
pressure a large amount of air, particularly nitrogen, is dissolved in the blood 
plasma. As the result of sudden decompression this gas is released as bubbles 
in the blood, and these form emboli particularly in the brain and spinal cord. 
Numerous small infarcts of the central nervous sj^stem are produced in this 
way and are responsible for most of the symptoms. Bubbles of gas may also 
be liberated in the nervous tissue and cause disintegration. 
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CHAPTER XIII 

INJURIES CAUSED BY CHEMICAL POISONS 


The subject of the action of chemical poisons on the body is a very 
large one, and is adequately treated in textbooks of toxicology and 
forensic medicine. For this reason many textbooks of pathology make 
no reference to the subject. But the medical practitioner may at any 
time have to perform an autopsy on a case of suspected poisoning, and 
it is desirable that he be familiar with the pathological findings caused 
by some of the more common poisons and the precautions which 
should be observed in collecting the material for chemical analysis. 

Poisoning may be suicidal, homicidal or .accidental. In a case of 
suspected poisoning which may assume medico-legal importance 
extreme care must be taken in performing the autopsy. The external 
appearances should be noted. Everything should be recorded in 
writing and nothing left to the memory. The stomach and bowel must 
be kept. When there is a question of diffusible toxins such as arsenic 
and strychnine, it is well to keep all the internal organs and much of 
the muscles. These various specimens are sent to the chemist for 
chemical analysis. They must be put into clean glass jars, which 
are then stoppered, scaled, and labelled. No preservative of any kind 
should be added. 

In the description which follows only the commoner and every-day 
exogenous poisons are discussed. The endogenous poisons produced 
as the result of abnormal metabolism and bacterial poisons (toxins) 
arc not considered. 

Corrosive Acids. — The strong acids most likely to be taken for suicidal pur- 
poses are sulphuric, nitric, and hydrochloric. They are similar in action, and 
produce burns not only in the stomach, but also in the mouth, pharynx, and 
esophagus. The lesions of tlic lips must not be overlooked. The stomach is 
contracted as the result of irritation and thrown into folds. Patches of necrosis 
are scattered over the folds, and if the patient lives long enough the slough 
separates and leaves a raw surface. Similar changes are seen with all cor- 
rosive poisons. The acids vary as regards the color of the burns. With sulphuric 
acid the burnt tissue is brownish-red or black, with nitric acid it is yellow, 
and with hydrochloric acid white. The microscopic appearance is one of 
necrotic tissue on the surface with intense inflammation of the surrounding 
tissue. The acid removes water from the cells and dissolves epithelium and 
connective tissue. Nitric acid poisoning is common in munition works where 
smokeless powder is made from nitrocellulose obtained by treating cotton 
with strong nitric acid. If the fumes of the acid arc inhaled severe inflairunation 
of the larynx and trachea is produced. 

Caustic Alkalis.— The strong alkalis (caustic soda, caustic potash, and limc^ 
arc also corrosive in their action. They dehydrate the cells and saponify the 
fats. The common form of alkali poisoning is by commercial lyc taken either 
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for suicidal purpo^s or accidentally by children. The lesions are similar to 
those of the corrosive acids. There is severe burning of the lips, mouth, throat, 
esophagus, and stomach, with acute inflammation and softening of tissue. 
Should the patient recover, cicatricial stricture of the esophagus often develops 
and sometimes stricture of the pylorus. 

Carbolic Acid. — Strong carbolic acid is so easily obtained that it is commonly 
us^ for suicidal purposes. The picture differs in several ways from that of 
poisoning by other strong acids. The bums on the lips and in the mouth, 
throat, and stomach have a peculiar opaque, dead-white appearance. The 
stomach is contracted, and the dead patches are seen on the summit of the 
folds. Phenol is not a corrosive acid. It is an excellent fixative, so that the 
tissue instead of being destroyed is perfectly fixed. It follows that although 
the gross appearance is so abnormal, the microscopic picture is actually more 
normal than usual, because the customary postmortem changes in the stomach 
are absent. If the patient survives for some time the dead tissue will become 
detached with separation of a slough. The effect of dilute carbolic acid is 
rather different. The tissue is not killed and fixed so completely, and an 
intense hemorrhagic inflammation is the result of the irritation. When the 
stomach is opened in carbolic acid poisoning the characteristic color of phenol 
can be recognized. 

Corrosive Sublimate. — This substance is also a favorite with suicides. When 
bichloride of mercury is taken in the form of a concentrated solution and in 
large quantity it fixes the tissue in the same way as does phenol. Grayish- 
white patches of coagulation necrosis are surrounded by an area of intense 
inflammation. When, as often happens, tablets are swallowed, they produce 
severe local necrosis with deep ulceration. After a few days a second set of 
symptoms develops connected with the colon and the kidney. By whatever 
route mercury enters the body, through the skin and mucous membrane 
(vaginal douches) as well as by the mouth, it is excreted into the large bowel, 
where it produces an intense hemorrhagic colitis. It is also excreted by the 
kidney. The cells of the convoluted tubules show extensive necrosis, and 
there is marked suppression of urine and sometimes anuria. In the course of a 
week or less there occurs an “acute calcification^^ of the renal lesion, calcium 
salts being deposited in the masses of necrotic cells, many of which lie free in 
the lumen of the tubules. This very rapid calcification is a remarkable phenom- 
enon which it is diflicult to explain. 

Arsenic. — Arsenical poisoning may be acute or chronic. The acute form is 
usually suicidal, Paris green, rat poison, etc., being easily obtained. Chronic 
arsenical poisoning may be homicidal. Many of the famous murders in history 
have been accomplished by the continued administration of small doses of 
arsenic. Fa.shions change, however, and more violent methods are now in 
vogue. Arsenic is an intense irritant, so that in acute poisoning there is severe 
hemorrhagic inflammation of the entire gastro-intestinal canal. The poison is 
excreted into the bowel, giving an enteritis as well as a colitis. Paris green or 
crystals of arsenic may be seen in the folds of the stomach. In chronic poisoning 
the lesions are mainly in the skin and the nervous system. There is pigmenta- 
tion and extreme keratinization of the skin. The nervous changes are mental 
disorders and paralysis of the peripheral nerves due to neuritis. Arsenical 
poisoning may be the result of the careless administration of arsphenamine 
and other arsenical preparations. In these cases the chief changes are optic 
atrophy with blindness and extensive necrosis of the liver. The latter lesion 
is often fatal. 

Phosphorus.— This is likely to be taken in the form of rat poison or the 
phosphorus may be obtained from the heads of matches. Phosphorus poisoning 
may be acute or chronic. In the acute form there is a hemorrhagic inflammation 
of the stomach. The characteristic smell of phosphorus may be detected when 
the stomach is opened. After an interval of some days there is acute necrosis 
of the liver with a picture of acute yellow atrophy, accompanied by intense 
jaundice and widespread hemorrhages. Phosphorus is one of the most potent 
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causes of fatty degeneration, and this change is present in marked degree in 
the liver, kidneys, heart, and even the voluntary muscles. Chronic 'poisoning 
is due to exposure to phosphorus vapor, and is an occupational disease. Apart 
from fatty degeneration the chief lesion is necrosis of the jaws (phossy jaw) 
with destruction of bone and loss of the teeth. The process is dependent on 
bacterial infection, commencing round the roots of carious teeth. In this and 
other respects it closely resembles the lesion of industrial radium poisoning. 

^ad. — Lead poisoning (plumbism) differs from those already described in 
being chronic in type; acute lead poisoning is of no importance. It is usually 
an occupational disease, the lead being inhaled in the form of dust or fumes or 
absorbed through the skin. White-lead workers and pottery workers ^e 
liable, and painters unless they wash their hands well before eating. A severe 
anemia develops, of which the characteristic feature is an extreme degree of 
basophilic granular degeneration (stippling) of the red cells. In no other 
disease is this change so marked. A blue line (lead line) of lead sulphide appears 
at the junction of the gum and the teeth, owing to the action of sulphuretted 
hydrogen on the lead. Constipation is a marked feature, and there may be 
painful colic. Peripheral neuritis affecting particularly the rnusculospiral and 
peroneal nerves may lead to drop-wrist and drop-foot. There may be depres- 
sion, delirium, convulsions, and mental changes, with degenerative changes 
in the cerebral cortex like those of general paralysis. There appears to be some 
relation between chronic lead poisoning and gout on the one hand and the 
arteriosclerotic form of chronic nephritis on the other. 

Lead poisoning in children, a fairly common but usually unrecognized disease, 
presents many points of special interest. It is often mistaken for poliomyelitis. 
The incidence is highest in infants and young children with erupting teeth, 
who put painted objects containing lead (yellow paint is specially dangerous) 
into their mouths. Many suffer from perversion of appetite (pica), and lick 
the paint off their cribs and the furniture. The child may drink water con- 
taining lead or inhale fumes from storage battery casings used in the stove for 
fuel. In Japan congenital plumbism is common, owing to the pregnant mother 
covering her face and neck with cosmetics containing lead. Gastro-intestinal 
symptoms (vomiting, colic, constipation) and anemia may be marked, but the 
most striking symptoms are those of lead encephalitis, i. e., a change in the 
mental state, visual disturbances, convulsions and coma. The blood-pressure 
may be raised, there may be choked disc, and even separation of the cranial 
sutures. The actual cerebral lesions are merely minute hemorrhages and 
cellular infiltrations; the symptoms are caused by rapid increase of the intra- 
cranial pressure due to intense cerebral edema, as a result of which the brain 
is swollen, the convolutions flattened, and the medulla pressed into the foramen 
magnum. The cerebrospinal fluid pressure may be as high as 700 mm. of water 
(normal 120 rnm.). Peripheral neuritis is rare. The lead line on the gums is 
seldom seen in children (no doubt owing to the healthy condition of the mouth) 
and stippling of the red cells may be absent. One of the most useful signs is a 
lead line in the bones in the roentgen-ray film; there are zones of increased 
density at the growing ends of the long bones, where lead is deposited in place 
of calcium. This line is rarely absent, even in mild cases. 

Much of the lead is stored in the bones. Parathyroid extract, with its well- 
known effect on calcium metabolism, causes both calcium and lead to be 
mobilized, removed from the bones, and excreted in the urine. There is a 
corresponding rise in the blood calcium. Much of the lead can be rapidly 
removed in this way, but the remainder is firmly united to the bone and is 
only excreted slowdy. 

Prussic Acid.— Hydrocyanic acid and the cyanides are suitable for suicidal 
purposes because they are so rapidly fatal. The poison is not corrosive, but the 
gastric mucosa has a bright chestnut-brown color. The blood remains fluid. 
The poison kills by acting on the nervous system and the heart, and there are 
no special postmortem lesions, but the characteristic peach-kernel smell can 
often be detected when the stomach is opened. 
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Alkaloids. — The poisonous alkaloids such as opium (morphine), strychnine, 
cocaine, atropine, etc., produce no characteristic postmortem changes. Their 
detection therefore depends on chemical analysis. 

Alcohol. — Methyl iUcohol. — Methyl alcohol, so common an ingredient in 
bootleg liquor, and used for * ‘denaturing^' ethyl alcohol, is highly toxic. The 
deaths which follow the drinking of “canned heat," etc., are due to methyl 
alcohol poisoning. In these cases there is nothing to be found at autopsy apart 
from severe gastritis and a smell of alcohol in the stomach, lungs, and brain. 
After a few hours this smell may disappear. If the patient recovers he may be 
blind fi’om optic atrophy. 

Ethyl Alcohol.— Ethyl alcohol may also produce death in a few hours if 
taken in sufficient quantity and concentration. The postmortem findings are 
the same as those of acute methyl alcohol poisoning. If the patient has lived 
a few days there may be marked edema of the brain. The effects of chronic alco- 
holism are very debatable. Undoubtedly resistance to infection is lowered, so 
that the patient may die of jmeumonia, etc. Many degenerative lesions are 
attributed to chronic alcoholism. Among these are cirrhosis of the liver, 
chronic gastritis, chronic nephritis, and arteriosclerosis. The direct relation of 
any of these to alcohol is more than doubtful, but it may act as a contributory 
cause. Chronic alcoholics undoubtedly show a marked fatty degeneration of 
the liver, a lesser degree of fatty change in the heart and kidneys, atrophy of 
the seminiferous tubules in the testicle, and cerebral edema or “wet brain." 

Chloroform. —A person may die while under chloroform anesthesia, or may 
die an acute death after swallowing the licpiid. In these cases there are no 
characteristic postmortem changes apart from the odor of chloroform. The 
patient may die later of “delayed chloroform poisoning," and autopsy will 
reveal profound fatty degeneration of the liver, heart, and kidneys. Death is 
due to interference with the function of these organs, particularly the liver. 

Carbon Monoxide.— In carbon monoxide poisoning the gas may come froin 
illuminating gas, from stoves or furnaces, from the products of explosions in 
coal mines, but the most important source at the present day is the exhaust 
from automol^iles. A car running in a .small clo.scd garage will generate? enough 
gas in a few minutes to kill a person. Garage workers breathing a smaller con- 
centration may suffer from a train of symptoms such as headache, vertigo, 
and weakness. Traffic policemen directing very heavy automobile traffic in 
large cities may suffer from minor forms of poisoning. 

The carbon monoxide combines with the hemoglobin, replacing the oxygen 
and forming carboxy hemoglobin. The patient tliereh)re dies of asphyxia, lint 
in addition there seems to be a direct poi.sonous action on the vital centers, for 
the patient may become uncon.scious with extraordinary suddenness. It is 
thi.s rapidity of action which constitutes the great danger of the gas in con- 
centrated form. As the carboxyhemoglobin is of a bright color, the facre, the 
blood, and the viscera assume a cherry-red. This and a markedly fluid ])lood 
constitute the chief postmortem changes. If the patient should live for some 
da 3 ^s a remarkable bilateral necrosis is found in the lenticular nucleus of the 
brain, being most marked in or confined to the globus pallidus. It is the iron 
of the hemoglobin with which the carbon monoxide unites. It is therefore 
possible that the gas may combine with the iron in the walls of the vessels of 
the globus pallidus, the iron content being higher tlian in any other vessels of 
the body. The necrosis is probably due to i.'^chemia, which in turn is probably 
caused by thrombosis of these small vessels. 

Botulism.— Although botulism is caused by a bacterial poison it may for 
convenience be considered here. The toxin is formed by the Bacillus botu- 
linus {boiuluSj a sausage) which grows in spoiled saihsagcs, pre.served meat, 
canned vegetables, fruit, ripe olives, etc., especially those preserved by home 
canning in w^hich the temperature employed is insufficient to insure steriliza- 
tion. Thus the poison is ingested ready-made, and is not manufactured inside 
the body. It is easily destroyed by heat, so that cooking renders the food 
harmle.ss. It is extremely powerful, and even small amounts may cause death. 
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Like the tetanus toxin it does not act at the point of absorption, for there is 
never any evidence of ^astro-intestinal irritation. The symptoms are entirely 
cerebral, and are apt to be mistaken for those of epidemic encephalitis. Indeed, 
the first cases of the latter disease which appeared in England were thought 
to be examples of botulism. The most characteristic symptoms are ophthahno- 
plegias (squint, double vision), ptosis, and difficulty in swallowing and in 
speech. All of these are due to cranial nerve palsies. The postmortem findings 
are merely those of toxemia— cloudy swelling, petechial hemorrhages, etc. 
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HEREDITY AND CONSTITUTION IN DISEASE 

HEREDITY IN DISEASE 

In the causation of disease two great factors always demand con- 
sideration; these are environment and heredity. So far we have been 
concerned for the most part with the environmental diseases, those 
caused by bacterial, animal parasites, trauma, physical irritants, chem- 
ical poisons, etc. For the last sixty years and more, medicine has 
concerned itself with these extrinsic agencies which are more readily 
studied and for which more can be done than in the case of hereditary 
defects of the germ plasm. Far reaching and profound observations 
have been made in the past, above all by the Austrian monk Gregor 
Mendel in 18G6, but the modern study of heredity and the explanation 
of the phenomena observed by Mendel date from the beginning of 
the present century with the rediscovery of his principle of segregation 
in 1900. This study has served to show, were the proof needed, that 
men are not created free and equal, but handicapped from the be- 
ginning. 

There are two great classes of cells in animals and plants : the somatic 
or body cells and the germ cells. The body cells merely form a tem- 
porary shelter and covering for the germ cells. The germ plasma, as 
Weismann pointed out, is immortal though the body which shelters 
it must die. At an early period of development the cells which are to 
form the future germ cells are set apart, and take no part in body 
building. In Ascaris this occurs after the first division of the fertilized 
oVum (zygote), but in man it is delayed to a much later stage. The 
germ plasm resides in the nucleus, and it was Weismann who first 
identified it with the chromatin network. 

The Inheritance of Disease.— We have seen that unit characters 
may be transmitted from parents to offspring, and that their char- 
acters, depending on whether they are dominant or recessive, will 
appear in the first or second generation provided the breeding is con- 
trolled, In addition to such characters as color, shape, size, fertility, 
vigor, length of life, etc., definite defects may also be transmitted, 
and these constitute hereditary disease in man. It is at once evident 
that the study of these defects is a very different matter from the 
investigation of the mode of transmission in peas and guinea-pigs, 
for in the case of man breeding is a matter of chance beyond control. 
Many of the hereditary diseases are relatively rare. For these reasons 
there has been a tendency on the part of the medical profession to 
( 344 ) 
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minimize the importance of heredity and to exalt that of environment. 
There is a growing feeling, however, that many of the commoner 
degenerative conditions of middle life, such as arteriosclerosis, may 
have their genetic representation in the germ plasm. 

A distinction is sometimes drawn between familial and hereditary 
disease. This distinction is entirely imaginary, for familial diseases 
are always hereditary. When both parents must transmit the defect 
before it becomes recognizable we have the so-called familial cases, 
but this is merely an example of a recessive character. The parents 
need not and generally do not exhibit the defect themselves, as is 
evident to anyone familiar with the principles of genetics. A “familial 
disease” is one in which the pathological character is recessive, a 
“hereditary disease” is one in which it is dominant. A recessive char- 
acter may be transmitted indefinitely in the germ plasm without com- 
ing to light until it meets a similar recessive from another strain. 
Disease factors in man are generally dominant, but they may be 
recessive or sex-linked. A disease, e, gr., diabetes mellitus, may in one 
family appear to be hereditary and in another familial, depending 
on the distribution of the genes for diabetes in the chromosomes. 
A congenital defect is one which is present at birth, although it may 
only develop later to a sufficient degree to be detected clinically, e. g., 
congenital cystic kidney, congenital cerebral aneurism. This defect 
may be hereditary, but frequently it is acquired in utero; congenital 
syphilis, for instance, should not be called hereditary syphilis, for it 
is not transmitted by the germ plasm. 

Simple Dominant l^eritance.— This is the simplest type to recognize. 
Kach afiected individual has an affected parent and grandparent. 
The heredity is not sex-linked. Examples are brachydactyly (short 
fingers and toes), multiple cartilaginous exostoses, progressive pseudo- 
hypcrtrophic polyneuritis, Huntington’s chorea, multiple polyposis of 
colon and rectum, sickle-cell anemia, diabetes insipidus and angio- 
neurotic edema. All of these diseases are commoner in the male, and 
are often transmitted by the male. In one family there were 23 cases 
of diabetes insipidus among 91 members in 4 generations. 

Simple Recessive Inheritance.— It is much more difficult to recognize 
a simple recessive heredity from the family history than a simple 
dominant. The factor must be present in a duplex condition from 
both parents in order that the individual may show it. The affected 
individual results from the mating of two parents who are outwardly 
normal, but are really heterozygotes or hybrid carriers (DR + DR = 
DD, 2 DR and RR, RR being the only one to exhibit the disease). 
Normality is nearly always dominant to defectiveness. That is one 
of the blessings of a recessive character. A lethal gene may be paired 
with a normal (dominant) gene, but its possessor goes through life 
unconscious of the fact that genetically he is half dead. The factor 
for the defect may be handed down through many generations of 
normals, until a chance mating of two heterozygotes occurs. It is 
inbreeding which is likely to bring out a recessive character. It is of 
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importance, however, to realize that inbreeding (consanguineous mar- 
riages as between cousins) is only bad when hidden harmful characters 
exist in the stock. It is harmless and even beneficial when the heredi- 
tary constitution of the stock is sound. Examples in man : amaurotic 
family idiocy, retinitis pigmentosa, Friedreich’s ataxia, alkaptonuria, 
xeroderma pigmentosum. 

Sex-linked Inheritance.— Theoretically the character carried by the 
sex or X chromosome may be dominant or recessive. In practice no 
examples of dominant inheritance are known. Recessive sex-linked 
inheritance is very readily recognized, in distinction to the simple 
recessive autosomal form. The male, who has only one (affected) 
X chromosome, will exhibit the defect. The female has also one 
affected X chromosome, but it is held recessive by the other normal 
X chromosome. She is therefore a heterozygote or carrier. If by rare 
chance she should inherit two affected X chromosomes, one from each 
parent, she would probably show the defect. The carrier female 
transmits the defect to half her sons, and half her daughters will be 
carriers (heterozygotes). If both parents are affected, all the offspring 
will be. The reason why, as a rule, only half the sons inherit the dis- 
ease and half the daughters become carriers is that in the heterozygous 
female only one X chromosome carries the taint, and there is an even 
chance that this is the one which may be lost during maturation of 
the ovum. The criss-cross inheritance of the sex-linked diseases, the 
defect traveling by the route father — > daughter — > grandson is due 
entirely to the movement of the sex-determining chromosome. Impor- 
tant examples of sex-linked inheritance are hemophilia, color-blindness, 
night-blindness, and Leber’s hereditary optic! atrophy. 

A very large number of diseases, for the most part rare, are now 
supposed to have their origin in some hereditary defect in the germ 
plasm, although, for reasons already discussed, the physician may find 
it impossible to establish the hereditary factor in an isolated case. 
A good idea of the number of these diseases can be obtained by con- 
sulting the list in AFacklin’s article in Medicine, 1035, 14 , 1, or in 
Crew’s Organic Inheritance in Man. A few of these merit brief 
reference. 

Blood diseases include hemophilia, pernicious anemia and sickle-cell anemia. 
Hemophilia, a perfect examr)le of a sex-linked recessive character, has already 
been considered. Pernicious anemia usually gives little or no evidence of a 
hereditary tendency unless a very full family tree can be drawn up, but several 
cases of achylia gastrica may be found in the same family, and this condition 
undoubtedly precedes the onset of pernicious anemia. It looks as if the achylia 
were a hereditary character, the operation of some extraneous factor occasion- 
ally precipitating in such persons an attack of the disease. Sickle-cell anemia 
behaves as a dominant. Eo<inophilia may be familial. I have studied two 
brothers, in one of whom tlie eosinophils averaged 80 per cent and in the 
other around 20 per cent. Hemorrhagic telangiectasis, a condition character- 
ized by spontaneous bleeding from dilated vessels in the nose and mouth and 
the appearance of red spots in the .skin commencing about the time of puberty, 
behaves as a dominant. One of the most striking examples of human heredity 
is afforded by the blood groups, the agglutinogens acting as dominants. 
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Metabolic disorders belonging^ to the group called by Garrod the inborn 
errors of metabolism arc hereditary in origin. Members of this group are 
alkaptonuria and cystinuria. Diabetes insipidus is a dominant character, at 
least one parent also showing the defect. The lipoid storage diseases (Gaucher^s 
disea^, Niemann-Pick^s disease, etc.), and abnormal glycogen accumulation 
(von Gierke s disease) likewise have a genetic basis. Heredity is usually strongly 
marked m gout. 

The skeleton is often the site of hereditary defects. Multiple cartilaginous 
exostosis is also known as hereditary deforming chondrodysplasia, a name which 
inherited nature of the defect. Brachydactyly, or short fingers, 
the first example of Mendelian inheritance demonstrated in man, is a simple 
dominant. The fingers have only two phalanges, the second and third being 
tused owing to absence of an epiphysis in the former. A similar type of defect 
in the hand has been transmitted from one of Henry the Sixth^s nobles in the 
loth century to descendants living at the present day; the recently exhumed 
skeleton of the original carl showed the same bony change. Fragilitas ossiurn, 
a condition characterized by multiple fractures and .sometimes associated with 
blue sclerotics, may show a very marked familial tendency, nearly always 
dominant. Males and females are about equally affected, transmission taking 
place equally through both sexes. 

The nervous and muro-muscular systems furnish a large variety of hereditary 
diseases. Progressive muscular atrophy, pseudohypcrtrophic muscular dys- 
trophy (dominant or recessive or sex-linked), Friedreich\s ataxia (dominant 
or recessive), firogressive lenticular degeneration (Wilsor^s disease), peroneal 
3'^'fiyntoriia congenita, myotonia congenita and many others are 
familial in character due to inherited defects in the germ plasm. Muscular 
tremor may be markedly hereditary, and is usually dominant. 

The skill and its appendages show a variety of inherited defects. Mention 
may be made here of baldness, which is markedly hereditary in character. It 
is much commoner in men than in women, being dominant in males, but 
recessive in females. The male may inherit it from father or mother, but the 
mother, being heterozygou.s, is not bald. Xeroderma pigmentosum (Kaposi’s 
di.scasc), a disease of the skin occurring in childhood and characterized by the 
occurrence of inflammation when expo.sed to the sun with subsequent develop- 
ment of multiple cutaneous carcinomata, is recessive in all cases. Von Beck- 
linghausen’s disease, or multiple neurofibromata, is always dominant, but in 
some casejs pigmented areas take the place of tumors, so that the dominant 
character is af)t to be overlooked. 

Eye diseases constitute one of the largest groups and serve to fill the blind 
asylums. Chief among these may be mentioned retinitis pigmentosa and 
hereditary optic atrophy (Lever’s disease), the latter offering an excellent 
example of a sex-linked disease, being confined to the male but transmitted 
through the female. Blue sclerotics is an ocular manifestation of a defect of 
connective tissues in general, including the bones (fragilitas ossiuin). The 
blue color is due to the underlying choroid shining through the thin sclerotic. 
The condition is a good example of a non-sex-linked defect. It is not trans- 
mitted by those not affected, it appears in both males and females, it is trans- 
mitted from fathers to .sons and daughters and from mothers to sons and 
daughters. The defect is of course not carried in the sex chromosome. Color- 
blindness and some forms of night-blindness (the patient becoming blind at 
dusk owing to lack of the visual purple in the rods of the retina) are both sex- 
linked. Coloboina of the iris and its extreme form, known as aniridia or absence 
of the iris causing blindness, are markedly hereditary. Risley records an extra- 
ordinary and tragic family history in w'hich one blind man had 13 children 
who were all blind, fil blind grandchildren out of 63 and 39 great grandchildren 
out of 42, a total of 113 blind offspring out of 118. A strong argument for 
eugenics. Glioma of the retina (retinoblastoma), a neoplasm which is fatal 
unless removed early, often shows a marked hereditary tendency. In a family 
of 16, 10 died of this tumor. It is always recessive. There is a marked hereditary 
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tendency in all varieties of cataract, and in amaurotic family idiocy. Strabismus 
is dominant in some families, recessive in others. 

Mental diseases are often due to a defect in the germ plasm. Derncntia 
prsecox offers a good example. Huntington’s chorea is an e'^ample of a simple 
dominant autosomal character. One family from Long Island has furnished 
practically 1000 cases of this disease. Some types of feeble-mindedness are 
inherited as simple recessives. Matings of feeble-minded persons with each 
other gave only 6 normal children out of 482 from 144 such unions (Goddard). 
The 6 normals may have been a mistake, as in the case of two feeble-minded 
white parents who had 10 feeble-minded and 2 normal children, but the two 
normals were black! Amaurotic family idiocy and Mongolian idiocy are 
always recessive. 

Heredity in cancer is a difficult matter to pass judgment on. It has already 
been discussed in connection with tumors, so it will only be touched on here. 
“In the question of human cancer heredity, all existing statistical evidence is 
valueless for any exact information on the subject” (Wells). People do not 
know what their grandparents and great aunts died of, and if they did, the 
diagnosis would be as often wrong as right. Moreover, an hereditary character 
ma 3 " be transmitted through a son incapable of showing that character, e. g.^ 
a bull is valuable because it comes of a famous milk-producing strain. A 
woman with cancer of the uterus may transmit that gene to her son, but it 
cannot manifest itself; it may be transmitted in the same way to a grandson, 
and the fatal character may finally appear in his daughter. In such a case it 
is natural that the heredity tendency should be completely lost sight of. One 
of the neoplasms in which the influence of heredity is best seen is polyposis of 
the rectum and colon with its marked tendency to become malignant. Dukes 
records the case of a man who died of rectal cancer at the age of forty-two years. 
He had 9 children, 7 of whom developed rectal cancer; 5 were already dead, 
1 at the age of twenty-seven years. The disease also appeared in the next 
generation. It is impo.ssible to believe that in such a case as this there was 
not .some hereditary defect in the germ plasm which acted as a determiner for 
cancer of the rectum. A man and his wife had cancer of the stomach, and 
6 of their 7 children died of the disease. The seventh was killed at the age of 
twenty-eight years in an accident. In the experimental work on mice the 
incidence of cancer, its site and its character were all influenced by heredity. 
It is worthy of note that the larval stage of Drosophila suffers from a sex- 
linked entodermal tumor, which kills one-quarter of the males and is trans- 
mitted by the unaffected females. 

Resistance to infection forms an interesting and important group. The 
body may be resistant in two ways. The infecting agent may not be able to 
get a foothold, or after invasion has occurred the resistance may be sufficiently 
good to overcome the infection. Susceptibility, like immunity, can be trans- 
mitted as a genetic character. Raymond Pearl describes a family of 13 children, 
all of whom had had lobar pneumonia before the age of eighteen years, 1 twice 
and 1 three times; 7 of the 13 had died of the disease. No explanation was 
found in the environment. Hagedoorn-La Brand made an interesting acci- 
dental observation on the hereditary transmission of resistance. A colony of 
mice consisting of Japanese mice, large albinos and hybrids of these, was 
attacked by an epidemic staphylococcal infection. All the Japanese mice died, 
but none of the albinos. The important fact is that none of the hybrids (first 
generation) was affected, but in the second generation 1 out of 4 succumbed. 
Thus the resistance of the albinos depended on a single dominant genetic 
factor. Webster tested a colony of inbred mice against Bacillus enteritidis 
(mouse typhoid), and got a 37.4 per cent mortality. By breeding from the 
progeny of the mice which died early after exiwsure, he obtained a strain which 
was 85 per cent susceptible. He obtained a strain from the progeny of the mice 
which survived the infection, and found only 15 per cent of susceptibles. 
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Ttdns provide a singular opportunity to study the effect of heredity 
and constitution on disease. In the case of identical (monozygotic) 
twins, one serves as a control animal for the other. It is as if we were 
watching one individual leading two physical existences. Margolis 
and Eisenstein give the following examples, of disease developing 
more or less simultaneously in both twins (1) Tumors. Twin devel- 
oped retinoblastoma of the left eye within a few months of each other. 
C'ancer of the right testicle appeared in both at the same time. (2) 
Nervous and mental disease. Dementia prsecox, paranoia, and other 
mental disorders have developed at the same time. (3) Non-infectious 
s;y'stemic disease. At the age of sixty twin brothers developed diabetes 
characterized by the same set of symptoms, and both died within a 
few months of each other. Twin sisters in New York and San Fran- 
cisco developed diabetes at the age of fifty-two and died within a 
short time of each other. Other diseases which have developed simul- 
taneously in twins are lymphatic leukemia, nephritis, asthma, bronchi- 
ectasis, cataract, and Hodgkin’s disease. (4) Infections. Twin sisters 
developed tuberculosis of the right kidney within seven months of 
each other. Many other similar examples could be given illustrating 
the pn^foimd importance which origin from a common germ plasm 
has on the development of disease. 

CONSTITUTION IN DISEASE 

The subject of constitution is bound up with that of heredity. It 
has become the custom rather to smile at our medical forefathers 
when they talk in their writings of the weak constitution of the patient, 
but the central doctrine of Greek medicine was that of temperaments 
and constitutions, and the conceptions of Hippocrates are worthy of 
consideration even at the present day. Constitution, according to 
Draper, whose monograph on the subject should be consulted, is '‘that 
aggregate of hereditarial characters, influenced more or less by environ- 
ment, which determines the individual’s reaction, successful or unsuc- 
cessful, to the stress of environment.” John Hunter, Addison, and 
other great clinical observers of that period believed firmly that the 
habitus or physical form of the individual bears an important relation- 
sliip to disease. This physical form is the anatomical aspect of con- 
stitution, and although by no means the only aspect it is the one which 
has been most carefully studied and the only one which will be con- 
sidered here. "The anatomic features of an individual form one of a 
set of basic unit characters, predetermined by heredity, and influenced 
to some extent by environment, which together make up the consti- 
tution” (Draper). The anatomical aspect is related to the physio- 
logical, psychological and immunological aspects, and it was a recog- 
nition of this fact which formed the basis of the marvellous unconscious 
skill of the older physicians. The three basic elements of the disease 
problem are Man, the lesion, and the environmental stress, and we 
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are so much engaged with the two latter that the first is apt to be 
forgotten. 

The capacity of an individual to react to the environmental stress 
is a constitutional quality, just as specific as body size and capable of 
being transmitted to his offspring. Longevity, which is the result and 
expression of a good constitution, is certainly inherited; everyone 
knows of families, the majority of whose members reach the late 
seventies or eighties, no matter what kind of life they may have led. 
We have already seen that this is the case with resistance to infection. 
Sex, which is considered below, has a profound influence on disease 
reactions, and this is determined by the presence or absence of an 
extra chromosome. In some way this must be linked with the coiiimon- 
ness of gall-bladder disease and the comparative rarity of chronic 
peptic ulcer in the female. Size of body has been shown in animals 
to be a unit character. The entire skeleton may be altered by a defect 
in a single gene, and the person may be a giant or a dwarf. In this 
instance the determiner appears to act througli an endocrine gland 
(pituitary). Race may play a part in predisposition to a disease. 
Thus certain diseases are peculiar to the Hebrew race. Amaurotic 
family idiocy is practically confined to Jewish children, while Gauchc'r’s 
disease and Xieinann-Pick’s disease are much commoner in these chil- 
dren; Buerger’s disease, diabetes mellitus, and pentosuria are commoner 
among Jews. 

The liabifm or general build of the body is a resultant of a com- 
bination of height and weight. On this basis it is possible to divide 
persons into the sthenic and asthenic groups. The sthenic individual 
is short and stout, with a wide costal angle and deep chest, inclined 
to be florid, of cheerful sanguine disposition, liable to gall-bladder 
disease, arterial h\q)ertension and likely to die of arteriosclerosis, 
apoplex\' or coronary occlusion owing to defects in his germ ])lasma at 
the time of conception. The asthenic individual is tall and thin, with 
a narrow costal angle, a pallid countenance, easily fatigued and inclined 
to be melancholy; he has a long, drooping stomach which empties 
poorly and intestines which sag, so that his melancholy may be aggra- 
vated by dyspepsia and constipation. He is a likely subject for ])eptic 
ulcer. He seldom has heart or arterial disease and is likely to be long- 
lived if he escapes tuberculosis in youth. I’hc gall-stone man seldom 
has ulcer; the ulcer man seldom has gall stones. The pages of Shakes- 
peare and Dickens are filled with immortal characterizations of these 
types. 

The Influence of Sex.— The quc\stion of sex has already been con- 
sidered in connection with sex determination and the sex-linked 
inheritance of disease. We have now to consider sex from the stand- 
point of human constitution, i. e., the manner in which it influences 
the reaction of the individual to the stress of environment. In such 
a discussion the organs peculiar to either sex must be excluded, only 
those common to both being considered. When this is done the; surpris- 
ing fact emerges that very few serious organic diseases are commoner 
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in the female. Most diseases of the gastro-intestinal tract, respiratory 
tract, bloodvessels, heart, bones, joints and urinary tract are com- 
moner in males than in females. Some diseases such as thrombo- 
angiitis obliterans are almost confined to the male, while others such 
as angina pectoris, coronary occlusion, peripheral arteriosclerosis, per- 
nicious anemia, leukemia, lymphosarcoma, etc., are more frequent in 
that sex. The gall-bladder is a notable exception to tlie general rule, 
and to a lesser degree mitral stenosis. Functional disorders, on the 
other hand, such as Raynaud's disease, hypertension, migraine, hysteria 
and chronic nervous exhaustion are commoner in the female. There 
is a higher mortality for the male throughout all the periods of life. 
This cannot be explained away, as is commonly done, by reference to 
overwork, industrial hazards, abuse of alcohol and tobacco, venery, 
etc., for the difference in the sex mortality is most striking in intra- 
uterine life and during the first few years of childhood. There appears 
to be an inherent weakness in the male, a sex-linked inferiority, so 
that by comparison with the female he is a weakling at all periods of 
life from conception to death. This holds true throughout the animal 
kingdom, the males being shorter-lived. As Allen remarks, the price 
of raaleness is weakness, and woman is far from being ‘‘the weaker 
vessel.'' Only a few organic diseases, such as those of the gall-bladder 
and thyroid, are commoner in females. 
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PART II 

SPECIAL PATHOLOGY 


CHAPTER XV 
THE HEART 

Descriptiye Outline. — In describing? the gross appearance of the heart one 
must consider the pericardium, pericardial cavity, the size and weight of the 
heart, the myocardium, auricles, ventricles, endocardium, valves (cusps), 
valvular openings, and coronary arteries. The pericardium is smooth, shiny, 
thin and translucent. There is a varying amount of subpericardial fat. The 
pericardial cavity contains from ^ to 1 ounce (10 to 30 cc.) of clear, straw- 
colored, serous fluid. The size can only be learned by frequent observation 
of the normal. It may be increased or diminished in disease. The average 
weight is 300 grams in the male, 250 grams in the female, but these figures will 
bl^ considerably exceeded in a big muscular laborer or reduced in a tiny fragile 
woman. The weight is largely dependent on the thickness of the left ventricle, 
and varies directly with the arterial blood-pressure, of which it is a fairly 
reliable indication. The myocardium has the reddish-brown color of voluntary 
muscle, and a consistence which may be increased or diminished in disease. 
To open the heart begin with the right auricle, passing the scissors through 
the mouths of the superior and inferior vena cava, and follow the direction 
of the blood flow into the right ventricle, left auricle, left ventricle, and aorta. 
The cavities of the auricles and ventricles are noted for dilatation and their 
walls for hypertrophy. The wall of the right ventricle is about 5 mm. thick, 
that of the left ventricle 10 to 15 mm. The endocardium lining the cavities is 
smooth, shiny and translucent so that the underlying muscle can be seen, but 
frequently the lining of the left auricle is thickened, white and opaque. The 
valve cusps should be as thin and smooth as fine silk. The commissures of 
the aortic valve, i. e., the points where the cusps are joined together, have 
no appreciable thickness; any widening of these commissures is an indication 
of disease. As regards the valvular openings, the mitral should admit two 
fingers (two cusps) and measure about 7.5 cm. in circumference; the tricusTiid 
should admit three fingers (three cusps) and measure about 10 cm. in circum- 
ference. The chardx tendineae attached to the mitral valve are slender fibers 
which may become thickened and shortened. Finally, the coronary arteries 
are opened and inspected. 

The heart consists of three main anatomical elements, the myo- 
cardium, the pericardium and the vah es. Any or all of these may be 
the seat of organic disease. It must be remembered, however, that no 
organ is influenced to so marked a degree by nervous stimuli and what 
are commonly referred to as the emotions. As my colleague, Dr. 
Allan Walters, has pointed out, the simple everyday words of our 
language testify to the truth of this statement. We say that a person 
is heavy-hearted, hard-hearted, heartless, good-hearted, that his heart 
23 ( 353 ) 
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aches with loneliness, flutters with alarm or stops with fear. Although 
cardiac symptoms may, therefore, have an emotional rather than an 
organic basis, we are concerned in this place primarily with structural 
changes. 

LESIONS OF THE VALVES 

Rheumatic Disease of the Heart.— The heart is a pump, and as 
impairment of the valves of a pump will wreck its efficiency it is 
natural that attention should have been focussed on rheumatic disease 
of the valves (endocarditis). Rheumatism, however, is a pancarditis, 
an infection of the fibrous tissue of all parts of the heart (endocardium, 
myocardimn, and pericardium), nor does the aorta escape. 

The bacteriology and the general pathology of rheumatic fever have 
already been discussed in Chapter VII. It was there pointed out 
that the disease was an infection of the fibrous tissues of the body 
accompanied by the formation of a characteristic pathological lesion, 
the Aschoff nodule. This lesion is seen is most typical forms in the 
myocardium, but lesions sufficiently distinctive to be recognized occur 
in the cardiac valves, pericardium, synovial membrane, periarticular 
tissues, skin, etc. The damage is primarily to the supporting tissues, 
i. e,, collagen and elastic tissue. The first change is fibrinoid degenera- 
tion, followed later by actual necrosis. Exudation characteriz(‘s the 
early stages, proliferation the later and finally fibrosis. In the valves 
this leads to postiiiflamniatory adhesions and contraction with accom- 
panying stenosis or incompetence, in the myocardium it leads to 
weakness, and in the pericardium to adhesions. Rheumatisjn ma,\' 
lick the joints, especially in children, but it certainly bites the whole 
heart. Rheumatic heart disease is predominantly a disease of child- 
hood, youth and early adult life. Probably more than 70 per cent of 
the cases occur before the age of twenty', the peak of onset being be- 
tween the ages of five and ten. 

Valvular Lesions.— By far the commonest valvular defect resulting 
from rheumatic fever is mitral stenosis. In the aortic valve there may 
be a moderate degree of incompetence (neA er so complete as in the 
sA'philitic form) or, more rarely, stenosis which years later may take 
the form of so-called calcific sclerosis. The lesions of the A^alves on 
the left side are more extreme oAving to the greater strain on those 
valves. The mitral valve suffers more frequently in women, the aortic 
valve in men. The reason for this is not known. If the valve ring, to 
which the cusps are attached and which is really the proximal part 
of the valve, be examined microscopically, all four \'alves will be found 
to be inA oh ed in most cases (dross and hViedberg). In the mitral and 
aortic A^alves the process is usually progressiA^e, less often in the tricus- 
pid, and least in the pulmonary, so that in the two latter gross lesifins 
are correspondingly rare. Infection seems to begin in the valve rings, 
although the primary focus in the case of the mitral is probably the 
wall of the auricle, and in the case of the aortic the root of the aorta. 
Infection may readily spread between the mitral, aortic and tricuspid 
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rings by way of the intervalvular fibrosa and the septum fibrosum. 
The close proximity of a fibrous pericardial wedge to most of the valve 
rings favors spread of infection from pericardium to valves. It must 
be understood that the rings may show ijiicroscopic lesions although 
the cusps remain free. 

The essential lesion in rheumatic endocarditis is the presence of 
rheumatic nodules in the endocardium of the valves. IJliis leads to a 
diffuse thickening of the cusps. An additional although not essential 
feature is the formation of rheumatic vegetations. These are tfny 
bead-like warty (verrucose) nodules arranged in a row along the margin 
of contact (not the free margin) of the cusps, and therefore on their 
proximal aspect. (Fig. 157.) They consist of platelet thrombi deposited 
on the raw surface which results from tramna to the endotheliiun of 
the valve along the line of contact. This trauma is greatest on the left 
side of the heart where pressure is highest, but when mitral incom- 
petence develops the pressure on the right side also rises, so that if the 



Fig. 157. — Rheumatic endocarditis. A bcad-liko row of vegetations runs along the 
line of contact of a cusp of the mitral valve. 


infection recurs vegetations will be formed on the tricuspid valve. 
They are firm and adherent, so that they are not detached by the 
heart’s action. For this reason embolic phenomena are not seen in 
rheumatic endocarditis. When they are rubbed off, the underlying 
surface is raw. The mural endocardium may also be involved. On the 
posterior wall of the left auricle just above the mitral valve there may 
be a rough thickened patch which becomes scarred later, and may 
form a nidus for Streptococcus viridans. This is often called the 
MacCalhm imtch. 

The microscopic picture is that of a valvulitis as well as an endo- 
carditis. Many new vessels have been formed in the thickened valve, 
and inflammatory cells are grouped in relation to these vessels. These 
are the same cells which constitute the Aschoff nodule, of which the 
most characteristic is the large multinucleated Aschoff cell, but the 
arrangement is more diffuse and less distinctive than it is in the myo- 
cardiiun. Leary has described a special type of endocardial lesion in 
the very early cases. This takes the form of a palisade of cells set at 
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right angles to the surface along the contact edge of the valve. Ederna^ 
a marked feature of the inflammatory lesion, accounts for much of the 
swelling of the valve. There is fibroblastic proliferation, followed later 
by the production of fibrous tissue. Meanwhile the endothelium cover- 
ing the cusps degenerates, particularly along the line of closure, and 
is soon lost. Platelets are deposited on the raw surface together with 
a certain amount of fibrin, and it is these which form the vegetations. 
Fibroblasts and capillaries invade ithe vegetations, and these become 
converted into granulation tissue and organized, so that finally they 
blend with the thickened valve and become indistinguishable. The 
inflammation is not confined to the valves, for the endocardial lining 
of the left auricle may show the same type of lesion. In the acute 
stage there is roughening and in the chronic stage thickening of the 
surface lining. The chordae tendineae may contain Aschoff nodules, 
and the subsequent fibrosis causes shortening of these cords which is 
so marked a feature of mitral stenosis. In old lesions of the mitral 
valve the cusps show gross vascularity, the principal vessels being 
small thick-walled arteries or arterioles of musculo-elastic type 
(Koletsky). This vascularity may be regarded as one of the stigmata 
of rheumatic fever. 

The consequences of all this are fatal to the health and efficiency of 
the valve. During the acute stage the inflamed edges of the cusps 
adhere together, and with the onset of fibrosis these adhesions become 
very firm, so that the cusps cannot open as they should, and there is 
narrv)wing or stenosis of the valves, both mitral and aortic. The new 
fibrous tissue makes the cusps rigid, and its contraction both in the 
cusps and in the chordte tendinese still further aggravates the stenosis 
so that the mitral opening may appear as a mere slit or button hole, 
or as a rigid funnel when viewed from the auricular aspect. Calcifica- 
tion of the injured cusps is common. It attains its most extreme form 
in the aortic valve of men over middle age in the lesion known as calci- 
fied nodular aortic stenosis. 

Myocardial Lesions.— The typical myocardial lesion is the Aschoff 
nodule, which is fully described in Chapter VII. There is little to 
be seen in the gross appearance of the muscle in an acute case except 
a dilatation of the left ventricle, but tiny white specks may be seen 
under the endocardium of the left ventricle and left auricle. I'^hese 
are the Aschoff bodies. They are scattered through the fibrous tissue 
of the myocardium, most abundant at the base of the interventricular 
septum, numerous in the left auricle, not so common on the right side. 
They are submiliary in size, oval or lemon-shaped, and consist of a 
central necrotic, reticulated area, lymphocytes, plasma cells, and the 
characteristic large multinucleated Aschoff cells (Fig. 158). They are 
usually found in the adventitial coat of medium-sized arteries. The 
so-called Anitschkow myocyte is often found in large numbers in the 
cardiac lesions although not in rheumatic lesions elsewhere. It is a 
cardiac histiocyte which in inflammation shows increased cytoplasm, a 
highly characteristic serrated bar of chromatin in the center of the 
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nucleus, and fibrils radiating from the bar to the periphery. For a 
detailed account of the finer features of the Aschoff body the paper by 
Gross and Ehrlich should be consulted, in which will be found a descrip- 
tion of the various stages of the life cycle through which the lesion 
passes. Fibroblasts are abundant and lay down collagen fibers, which 
replace the inflammatory lesion when the infection has died down. This 
may not happen for a long time, and Aschoff bodies have been found a 
number of years after the attack of rheumatic fever. As a result of the 
inflammation there is a varying degree of myocardial destruction, 
Sometimes very great. The end-result is scarring. As the As(*hoff 
lesion usually lies alongside a bloodvessel, so the rheumatic scar often is 
at the side of or surrounds a small artery. (Fig. 159.) 

Aschoff nodules may not be 



Fig. 158.— Large multmucleated Fig. 159.— Healed AsschofT body. X 60. 

Aschoff cells. X 1100. 


wall of the left auricle, and the damage it causes may be responsible 
for subsequent auricular fibrillation. Moreover the Aschoff* nodule is 
merely the productive feature of rheumatic pathology. The exudatiA e 
feature, though less marked in the myocardium than in the joints, is 
also important. The inflammatory edema, which is transient, no doubt 
interferes temporarily with the conduction bundle, and is responsible 
for the temporary functional disturbances which electrocardiographic? 
studies show to be present in over 90 per cent of cases of rheumatic 
fever. 

Pericardial Lesions. "-Rheumatism is the commonest cause of acute 
pericarditis. The acute stage presents little that is characteristic of 
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rheumatism; it is merely an acute serofibrinous inflammation of a 
serous membrane. The fluid exudate is small in amount, only a few 
ounces, and is serous, never purulent. The chief element is the fibrin 
which is deposited on both surfaces of the pericardium giving it a 
shaggy or ^‘bread-and-butter” appearance, as if two slices of buttered 
bread had been stuck together and then pulled apart. Even where no 
fibrin can be seen the natural gloss of the membrane is lost, but this 
maj' have to be looked for carefully. 

In the viicroscoTpic picture any rheumatic lesions are apt to be hidden 
by the acute inflammatory reaction, but an occasional Aschoff body 
may be found in the subendothelial tissue. The surface endothelium 
is cast off, successive layers of fibrin are laid down, and this becomes 
organized by the iiiA asion of new vessels and fibroblasts. The inflam- 
matory cells are mostly lymphocytes and plasma cells with only an 
occasional polj’morphonuclcar leucocyte. The inflammation extends 
through the subpericardial fat down to the heart muscle. 

The after-effects vary. There may be merely one or two opaque 
white patches of thickened epicardium known as inilk syots. If absorp- 
tion of the exudate is less complete there may be numerous adhesions. 
Finalh' there may be a completely adherent yericardinm. Calcification 
of the lesions may occur, so that stony plates are formed on the surface 
of the heart. 

Aortic Lesions.— The fibrous tissue of the aorta suffers in common 
with the fibrous tissue of the heart, so that Aschoff bodies or more 
diffuse lesions may be found in the adventitia. Although scars of the 
media have been described it is doubtful if these lesions ever weaken 
the wall sufficiently to produce an aneurism, thus differing from the 
similar but more extensive and destructive lesicuis of syphilis. 

Relation of Symptoms to Lesions.— The endocardial symptoms or rather 
signs are the cardiac murmurs. The mitral systolic murmur is due to mitral 
regurgitation, which in turn is due to myocardial weakness and dilatation of 
the auriculo- ventricular ring. The mitral diastolic murmur, on the other hand, 
is valvular in origin, and is due to the stiffness of the cusps and the narrowing 
of the opening. The intensity of the murmur depends on the power of con- 
traction of the auricle, and as this becomes weaker in the late stages, so the 
murmur may grow faint. Aortic incompetence with its diastolic murmur is 
due to retraction of the cusps and not to myocardial weakness, thus differing 
from mitral incompetence. Aortic stenosis due to rheumatism is uncommon. 
The myocardial effects may be acute or chronic. In the acute stage there may 
be death due to ventricular failure. In the chronic stage auricular fibrillation 
develops, owing to the degenerative lesion blocking the path of the impulse 
so that it goes round in a circle, and the pulse becomes totally irregular. The 
chief pericardial symx)tom is pain, just as the chief sign is a friction rub. Pain 
is often absent, though friction may be well marked. The friction rub is due 
to the rough surfaces rubbing together, but it is probable that some degree 
of tension and stretching is necessary before pain is produced, as is the case 
with pleural pain. 

Subacute Bacterial Endocarditis.— Endocarditis due to demon- 
strable bacteria may be subacute or acute. The subacute form runs a 
course of from tw^o months to one or two years, whereas the acute 
form is usually fatal in less than six weeks. 
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Symptoms. — The principal clinical features arc con tinu ed fever, evidence 
of.jnjuiljapk_£mhQlism endocarditis, a positive ^streptococci), 

enlarg^ent of the^spleen, anil* clubbing of the fingers. As a cause of coh- 
fmuea fever* the disea^ "should be classed with tuberculosis, typhoid fever, 
sepsis, and undulant fever. If a patient with a history of previous rheumatic 
fever or the physical signs of mitral stenosis or aortic stenosis or incompetence 
develops persistent evidence of toxemia such as malaise, weakness and fever, 
subacute bacterial endocarditis may be diagnosed even in the absence of 
embolic phenomena and a positive blood culture. The embolic phenomena are 
very varied: there may be crops of petechial hemorrhages in the skin, painful 
cutaneous nodules (Osier nodes), hemiplegia (cerebral vessels), sudden blind- 
ness in one eye (retinal artery), petechial hemorrhages in the retina, each with 
a white center (Rothes spots), pain in the splenic region, blood in the urine, 
diarrhea, and vomiting (mesenteric vessels). The blood shows a progrejssive 
anemia and usually a moderate Icucocytosjs, but"brten ITicre is leucopenia 
wilR^relatlve- lymphocytosis. Toxic neutrophils are numerous, with basophilic 
cytoplasm, “toxic granules,” and large vacuoles. Perhaps the most distinctive 
feature of the blood smear is the presence of peculiar large cells of endothelial 
or reticulo-cndothelial type, resembling monocytes, with vacuolated or even 
foamy cytoplasm, coarse azure granules, and nuclei with sharp indentations 
and several nucleoli. 

The prognosis in fully developed cases has hitherto been practically hopeless. 
The heart is beating muffled marches to the grave. The advent of penicillin 
therapy has greatly altered this outlook. When this agent is used sufficiently 
long and in sufficiently large doses the results are remarkably good. In many 
cases the blood rapidly becomes bacteria-free and the course of the disease is 
arrested. Much depends on the sensitivity of the strain of infesting strepto- 
cocci to penicillin. Even when all the bacteria are finally killed, however, the 
patient may be left with badly damaged valves, and he may suffer from 
congestive heart failure and other cardiac complicjations. 

Etiology. “As a rule the infection attacks previously damaged valves. 
An active or healed rheumatic lesion is present in from 75 per cent 
(Gross and Fried) to 90 per cent (Clawson) of cases. A congenital 
bicuspid aortic valve is a predisposing condition. Syphilis of the 
aortic valve is a rare antecedent. In a minority of cases the valves 
were previously healthy. 

In about 95 per cent of cases the infecting organism is Stre ptococcus 
viridans, so that the condition is sometimes called streptococcus \1ri- 
dans endocarditis. The organism is of low virulence for animals; the 
fatal issue seems to be due to the failure of the immunological forces 
rather than to the virulence of the germ. 

The probable source of infection is thejmouth and throat. Transient 
bacteriemia, mostly with S. viridans, is common after tooth extraction 
and tonsillectom 3 S especially when the gums arc infected (Okell and 
Elliott). Even biting on hard candies will cause an immediate blood 
infection in cases of pyorrhea. It is easy to understand how a valve 
damaged by rheumatism or by a congenital defect may be attacked by 
these circulating organisms. 

Lesions.— The lesions may be divided into three groups: (1) cardiac, 
(2) embolic, and (3) general. 

1. The cardiac lesions are mainly valvular; myocardial and pericardial 
lesions do not play an important part as they do in rheumatic disease 
of the heart. It seems probable that the infection is implanted on the 
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surface of the injured valve, rather than carried into its substance by 
newly formed vessels. The mitral valve is most often involved, the 
aort ic vajye coming next. InTection of the pulmonary valve is very 
rare. 

The lesions are proliferative rather than destructive, but occasion- 
ally large portions of the cusps are destroyed as in the acute ulcerative 
form. The characteristic lesion takes the form of large friable, poly- 
poid vegetations, very different from the tiny firm vegetations of 
rheumatic endocarditis. (Fig. 160.) They originate along the line of 
contact (proximal aspect of the cusp), but may cover the valve. At 
autopsy part of the valvular lesion may be calcified, showing that 
there have been attempts at healing. A highly characteristic feature 
is a tendency for the vegetations to spread on to the mural endocar- 



Fio.- 160. — Subacute bacterial endocarditis. The friable veKctations, the mural spread, 
and the old thickening of the aortic cusps are all very characteristic. 


dium. This may be from the mitral valve to the wall of the left auricle 
or the chordae tendineic which may be weakened and rupture, or from 
the aortic valve to the wall of the ventricle. The distribution of the 
vegetations on the left auricle corresponds with that of the rheumatic 
lesion (MacCallum patch) in that region. 

Microscopically the vegetations are amorphous masses consisting of 
fused jilatelets and fibrin. (Fig. 161.) A striking feature is the pres- 
ence o^T masses ofTiacteria on the surface of the vegetations. They 
are best shown by (iram’s stain, (Fig. 162.) but are quite evident in 
hematoxylin and eosin preparations. In some cases they are buried 
beneath a mass of platelets and fibrin ; in such cases the blood culture 
will be negative. The valve itself is infiltrated by mononuclear cells, 
which are most numerous at the attachment of the vegetation to the 
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cusp. Larger multinucleated cells not unlike Aschoff cells may be 
present. There is a remarkable nbspncp. nf pr^JYmnrphnnnpIpnr leuco- 
cytes. No bacteria are found in the substance of the valve where the 
cells are, and there are no cells among the bacteria. That is the weak- 
ness of the situation from the immunological standpoint. Fibroblasts 
are present in the deeper parts of the lesion, and calcification is not un- 
common. There is thus a distinct tendency to repair, and recovery 
might be possible if only the humoral defence could be strengthened. 

^yocarrfiaZ lesions are not numerous. There may be Bracht-Wiichter 
^sions, little collections of poly morphonuclear, leumeytes around 
necr otic material^ practi cally tin y abscesses. In other cases Aschoff 
bodies may be present ^ee below). In the pericardium petechial 
hemorrhages are common; but pericarditis is rare. 

2. Embolic lesions are very common, as the vegetations are friable and 

easily detached. They are non-suppurative, in contrast to the suppura- 
tive embolic lesions of acute ulcerative endocarditis. The petec hial 
hemorrhag es in the skin and the Osie r nodes are usually regarded as 
embolic in origin, but there is no proof of this. It is more likely that 
they represent a perivascular reaction to the endotoxin, possibly allergic 
in nature. Large infarcts due to blocking of medium-sized vessels are 
seen in the enlargal and in the kidneys. Many of the more 

minute lesions appear to be due to toxic necrosis of vessel walls rather 
than to emboli, although the name embolic is still retained. This is 
particularly true of the so-called /ocaipmtoKc glomerulonepliritu 

ally described by Lohlein and known as the Lohlein lesion. Only a 
few glomeruli are involved and usually only a part of a glomerulus. 
A few loops of the tuft are blocked with an accompanying acute reac- 
tion, as a result of which red blot)d cells appear in the capsular space 
and pass out into the urine. Although these lesions are commonly 
believed to be embolic it appears more probable that the blocking of 
the loops is due to a toxic focal proliferation associated with capillary 
thrombosis and necrosis. Healing occurs owing to the ready access of 
cells to the irritant, and a homogeneous mass of organized tissue is 
formed in one segment of the tuft, giving an appearance which is 
pathognomonic of this disease. In the acute stage small red spots are 
seen on the surface when the capsule is stripped off, an appearance 
known as the “flea-bitten kidney.’’ Occasionally there is a diffuse 
glomerulonephritis with renal insufficiency termiruiting in uremia. 
In the central nervous system there may be cerebral embolism and 
softening in the internal capsule with a resulting hemiplegia, or tiny 
inflammatory lesions may be scattered through the brain. The retina 
may show pathognomonic transient “canoe-shaped” elliptical hemor- 
rhagic spots with a pale center. Mycotic aneurisms may be produced 
in the cerebral, superior mesenteric, and other arteries. 

3. The general lesions are of less importance. Some are due to 
cardiac failure, some to toxemia. Among the latter are cloudy swel- 
ling and fatty degeneration of the liver and kidneys, enlargement of 
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the spleen, a secondary anemia, and in rare cases degenerative lesions 
of the spinal cord like those of subacute combined degeneration. 

Relation of Symptoms to Lesions. — The cardiac signs (murmurs) are due 
to the vegetations and the valvular destruction. But at first there may be 
no murmurs, and of course murmurs are no proof of an active endocarditis. 
Later in the disease the valvular insufficiency leads to cardiac decompensation 
and enlargement of the heart. Cardiac pain is not uncommon. I know no 
explanation of this. Death is usually due to cardiac failure, cerebral embolism, 
uremia, or some intercurrent infection. 

The embolic phenomena are readily explained by the friable nature of the 
large soft vegetations. The blood in the urine which is so characteristic a 
feature is due to the embolic glomerular lesions. It is better to speak of red 
blood cells rather than blood, for the microscope is generally needed for their 
detection, and as they are not present every day the examination may have 
to be repeated a number of times. The occasional occurrence of renal insuffi- 
ciency and uremia is due to a rather uncommon diffuse glomerulonephritis. 

Rheumatic and Subacute Bacterial Endocarditis Compared.— The view 
is gradually gaining ground that thevse apparently distinct diseases 
are really manifestations of the same fundamental process. One is 
certainly streptococcal in origin and the other probably is. The sub- 
acute form is usually preceded by the rheumatic. Streptococcus 
viridans may be found in the blood in rheumatic endocarditis although 
with considerable difficulty. Clawson and Bell have shown that the 
transition from one to the other may be so gradual that we cannot 
tell where the one ends and the other begins. The rheumatic type of 
vegetation can often be seen on the same valve as the vegetation of 
the subacute type. The microscopic picture of both is a proliferative 
valvulitis, but in the subacute form a large infected thrombus is added 
to the lesion, and this thrombus is responsible for the characteristic 
embolic phenomena. In some of my own subacute cases I have been 
impressed with the very close resemblance of the microscopic picture 
to that of rheumatic endocarditis. Clawson and Bell found Aschoff 
nodules in 1 1 per cent of cases of subacute endocarditis as compared 
with 87 per cent in rheumatic hearts. One difficulty is that rheumatic 
fever is believed to be due usually to hemolytic streptococci, whereas 
subacute bacterial endocarditis is caused by Streptococcus viridans. It 
is quite possible that the rheumatic infection, by rendering the valves 
vascular, may merely pave the way for subsequent infection with 
Streptococcus viridans, just as a congenital lesion of the aortic valve 
predisposes to an attack of subacute bacterial endocarditis. Such a 
view would be consistent with the presence of both types of lesion in 
the same heart. 

The matter cannot be settled finally from observations on human 
cases. Clawson injected both Streptococcus viridans and Streptococcus 
htemolyticus into the ventricular cavity of rats several times at weekly 
intervals. lie succeeded in producing an endocarditis both rheumatic- 
like and bacterial in type. The former bore a marked resemblance, both 
gross and microscopic, to the verrucose vegetations of acute rheumatic 
fever. No bacteria were found in the rheumatic-like lesions, whereas 
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they were abundant in the bacterial type of lesions. It would appear 
as if the pure platelet thrombus becomes infected to produce the 
bacterial type of vegetation. These experimental observations support 
the view that acute rheumatic endocarditis and bacterial endocarditis 
are etiologically similar although differing in their tissue response tp 
the infecting agent. 

Acute Bacterial Endocarditis.— This is a group, a good deal less 
common than the preceding form, in which an acute destructive 
process is caused by pyogenic cocci which produce suppurative lesions 
not only in the valves but also in the organs where emboli lodge. 
The course of the disease is six weeks or less, so that this form is also 
called malignant endocarditis. The chief bacteria responsible are 
Streptococcus haemolyticus. Staphylococcus aureus, pneumococcus, and 
occasionally gonococcus. The primary focus of infection is usually 
ob\ious, being some suppurathe lesion of the skin (boil, carbuncle), 
bones (osteomyelitis), uterus (puerperal sepsis), lung, or prostate. 
The endocarditis is often merely a complication in an already serious 
disease such as osteomyelitis or puerperal sepsis. 

The two chief features of the valvular lesions are the very large, 
exuberant, friable vegetations and the marked destruction, so that a 
cusp may be perforated or largely ulcerated away and the chorda^ 
tendinese destroyed. The mitral and aortic valves are affected with 
equal frequency, and the tricuspid often suffers. Involvement of the 
right side alone suggests gonococcal infection. In most cases it is 
impossible to distinguish between the acute and subacute forms from 
the gross appearance. The viicroscopic picture is one of acute sup- 
puration, the cusp being crowded with polymorphonuclear leucocytes. 
The vegetation has the same microscopic appearance as in the subacute 
form. 

Embolic abscesses are formed in all parts of the body, especially the 
skin, myocardium, brain, and kidneys. Both kidneys are riddled with 
abscesses, a condition known as the pyemic kidney. The general 
clinical and pathological picture at the time of death is one of acute 
pyemia. 

Atypical Verrucous Endocarditis.— In 1924 Libman and Sacks described a 
form of endocarditis characterized by flat vegetations spreading on to the 
mural endocardium which may be present on all the valves, most often the 
tricuspid, and in the valve pockets. Neither Aschoff lesions nor streptococci 
could be demonstrated. It now appears that the endocarditis is merely one 
manifestation of a generalized disease, which has Vjcen called Libman-Sacks 
disease, in which the principal features are disseminated lupus erythematosus, 
arthritis, polyserositis, myositis, diffuse vascular-glomerular disease of the 
kidneys, and enlargement of lymph nodes. Only one or two of these lesions 
may be present. There may be no macroscopic endocarditis. The disease, 
which occurs in young people and runs a subacute course with fever and a 
progressive anemia, resembles rheumatic fever in its widespread distribution, 
and differs sharply from bacterial endocarditis which is essentially a cardiac 
condition. The etiology is unknown. 

Terminal Endocar^tis. — In many chronic diseases (nephritis, diabetes, 
cancer) small vegetations of the rheumatic type may be found on the valves 
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at autopsy. They seldom show the bead-like arrangement of rheumatic vege- 
tations. They have been classed as intermediate or thrombotic forms. Allen 
and Sirota believe that the condition is degenerative rather than thrombotic, 
and suggest the name degemrative verrucal endocarditis. They point out that 
the lesions are hillocks of degenerated, swollen, valvular collagen. The ver- 
ruesp may be single or multiple. They are not necessarily terminal, for they 
may heal to form fibrous nodules or a bulbous swelling of the free edge. The 
cause is unknown, possibly toxic or duo to stress and strain. 

Syphilitic Endocarditis. — Syphilis attacks only the aortic valve, never the 
mitral. As it forms a complication and extension of syphilitic aortitis, never 
occurring apart from aortitis, it will be considered in connection with that 
condition. 

Tuberculous Endocarditis. — This is an extremely rare form of endocarditis. 
The vegetations are small and of the nature of granulations. No tubercles 
can be found in the valve, but tubercle bacilli are present in the vegetations. 



Fig. 163.— Mitral stenosis. Small left ventricle, narrowini? of mitral opening, great 
dilation of left auricle and right side of heart. 

THE VARIOUS FORMS OF VALVULAR LESIONS 

Mitral Stenosis.— Most, if not all, cases of mitral stenosis are rheu- 
matic in origin. It is possible that mild forms of subacute bacterial 
endocarditis may end in healing with adhesion of the cusps. It is 
much commoner in women than in men. The left auricle and the 
right side of the heart are greatly dilated owing to the obstruction, 
but the left ventricle is normal in size or even smaller than normal. 
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(Fig. 163.) When the heart is opened the left auricle is seen to be 
enormous. It may contain as much as 500 cc. instead of the ordinary 
30 or 40 cc. The valve looks like a deep funnel, the walls of which are 
formed by the fused cusps. The blood rushing through this rigid 
funnel causes a vibration of its walls which is responsible for the 
diastolic murmur and thrill with or without presystolic accentuation. 
The opening may be a mere button-hole which will hardly admit the 
tip of the little finger. (Fig. 164.) The thickened and sclerosed cusps 

may become calcified, so that 

the valve can neither open 
nor shut, a combined con- 
dition of stenosis and incom- 
petence. The chordse ten- 
dinea; may be so thickened 
and shortened that the papil- 
lary muscles seem to be im- 
planted on the valve. There 
may be thrombus formation 
in the dilated left auricle, 
particularly in the auricular 
appendix. This is very im- 
portant, because the clot may 
become detached and give 
rise to cerebral embolism. 
Moreover a thrombus often 

Fia. 164. — Mitral stenosis. The thickened i* 
valves have fused so as to cause extreme nar- Tight ajricle, 

rowing of the opening. and this may cause pulmon- 

ary embolism, especially when 
auricular fibrillation sets in. Thus, though in rheumatic endocarditis 
there are no friable vegetations which can become detached, yet 
embolism is a common complication of mitral stenosis. In rare cases 
a ball thrombus may be present, a large globular mass lying free in the 
auricle. 



The general effects of mitral stenosis are those of chronic venous 
congestion. (See Chapter III.) This is most marked in the lungs and 
liver. The distended pulmonary capillaries may rupture into the 
alveoli causing hemoptysis. Mitral stenosis is the commonest cause 
of hemoptysis or the coughing up of blood. The common explanation 
for this is the distended condition of the pulmonary capillaries, but it 
seems more probable from the observations of Ferguson and his associ- 
ates that the hemorrhage takes place from varicosities in the submucous 
bronchial veins. These w’^orkers by means of injection methods showed 
that there is a free communication between the main pulmonary veins 
and the bronchial veins, and that in mitral stenosis the latter veins 
become dilated and varicose. Areas of hemorrhage and infarction are 
common in the lungs, and there are great numbers of heart failure cells 
in the alveoli. Owing to extravasation of blood there is fibrosis of the 
septa, and the lung becomes brown and firm, a condition known as 
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brown induration. The pulmonary artery and its branches often show 
marked atheroma owing to the continued strain though the aorta may 
be normal. The pulmonary arterioles may show a hyperplastic sclerosis 
and necrosis similar to that seen in the renal arterioles in malignant 
h^ertension. Parker and Weiss point out that in severe cases of 
mitral stenosis there may be great thickening of the basement mem- 
brane supporting both the alveolar epithelium and the vascular endo- 
thelium, and that the space between them may become widened by 
edema, so that the alveolar tissue may be twenty times thicker than 
normal. As a result there is a grave interference with gaseous exchange, 
the blood being separated from the alveolar air by so thick a partition. 
This explains why it is that intense cyanosis may persist in spite of 
myocardial improvement. The liver shows marked congestion and 
may become indurated. The other organs are congested to a lesser 
degree. 

Mitral Incompetence.— The organic as opposed to the functional 
form of mitral incompetence is due either to sclerosis and contraction 
of the cusps or to dilatation of the ring. The common cause is rheu- 
matic endocarditis. Subacute bacterial endocarditis will also cause 
incompetence because of the large vegetations, the sclerosis, and the 
occasional destruction of the cusps. In old age the cusps may undergo 
degeneration and calcification which will interfere with their efficieney. 
The condition of the heart is similar to that of mitral stenosis except 
that the left ventricle is also much dilated owing to the increased 
amount of blood which it has to accommodate. In the end-stages 
the heart is greatly enlarged. 

Aortic Incompetence.— The tw^o principal causes of aortic incom- 
petence are rheiunatic endocarditis and syphilitic aortitis. Two addi- 
tional causes are subacute bacterial endocarditis and the nodular 
sclerosis of old age. Incompetence due to endocarditis is caused by 
adhesions, thickening, and contraction of the cusps. It may be com- 
bined with stenosis, and is seldom so extreme as the incompetence 
caused by syphilis. In the syphilitic form the incompetence may be 
due to one or more of three factors: (1) dilatation of the aortic ring 
caused by destruction of the elastic tissue; (2) widening of the com- 
missures; and (3) retraction of the cusps and thickening of their free 
edge. The dilatation may be so great that the valve becomes useless 
though the cusps may be healthy, and the incompetence is complete. 
High blood-pressure and severe physical strain naturally aggravate 
the condition. It is doubtful if atheromatous degeneration alone can 
cause incompetence, but the possibility cannot be denied. 

The condition of the heart is the opposite of that of mitral stenosis. 
Here the heart is all left ventricle. The heart is extremely enlarged 
and globular in outline, the cor bovinum. The left ventricle is greatly 
hypertrophied as well as dilated. The condition of the aortic valve 
will depend entirely on whether the incompetence is endocardial or 
syphilitic in origin. 

The clinical jncture is highly characteristic, but is much more extreme 
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in the syphilitic than in the endocardial form. The symptoms and 
signs are due to the escape of blood from the aorta back through 
the incompetent valve. The arteries thus contain too much blood 
during systole and too little during diastole. This accounts for the 
leaping peripheral vessels (“the dance of the arteries”), the capillary 
pulsation, the water-hammer pulse (Corrigan pulse), the low diastolic 
pressure, and the high pulse-pressure, the giddiness and attacks of 
syncope due to cerebral anemia. The diastolic murmur which is the 
most characteristic physical sign is due to the blood escaping back 
into the ventricle. 

Aortic Stenosis.— “This is quite uncommon in a pure form, although 
in the rheumatic variety of aortic incompetence the rigid and adherent 
cusps may be unable to open fully so that a relative degree of stenosis 
is produced. Pure aortic stenosis usually occurs in men over fifty 
years of age, and is of the calcified nodular type, best called calcific 
aortic stenosis. The cusps adhere together to form a kind of diaphragm 
as in mitral stenosis, but the most striking feature is the presence of 
warty calcified masses which may cover the cusps or be confined to 
the base. The entire valve is incredibly hard and rigid. The calcifica- 
tion can be seen in roentgen-ray films. There is marked difference of 
opinion as to whether the lesion is rheumatic in origin or degenerative 
(arteriosclerotic) in character, the so-called Monckeberg type. The 
fact that the condition is a clinical entity does not necessarily mean 
that it is an etiological entity, so that some cases may be rheumatic 
and others degenerative. Hall and Ichioka consider that all cases are 
rheumatic in origin, although the rheumatic lesions in the myocardium 
ma}' be largely healed and hard to recognize. In their series of cases 
60 per cent had solitary aortic lesions, while 40 per cent had healed 
mitral lesions. Karsner also believes that calcific sclerosis is essentially 
rheumatic in origin. It must be remembered that the stigmata of 
previous rheumatic disease can frequently be detected in any series of 
hearts which are examined with sufficient thoroughness, so that their 
presence in a case of calcific aortic stenosis is no proof that the latter 
lesion is rheumatic in origin. It seems probable that many cases 
should still be regarded as degenerative in nature, especially when the 
mitral valve is entirely normal. 

The heart shows a perfect example of pure or concentric hypertrophy 
of the left ventricle, although toward the end it may undergo dilatation. 
The average weight is about 650 grams, and in one of Christian’s cases 
it weighecl over 1000 grams. The aorta is remarkably smooth and 
free from atherosclerosis for patients over middle age, and it almost 
seems as if the vessel wall has been protected by the stenosis. As so 
little blood enters the aorta the pulse is small and fainting attacks arc 
common. I'he pulse tracing with its slanting upstroke and rounded 
camel’s hump speaks eloquently of the resistance at the aortic opening. 
The most characteristic physical sign is a rough rasping systolic! murmur 
and thrill at the aortic area. If incompetence is also present, a diastolic 
murmur will be added. 
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Tricuspid Stenosis. — Rheumatic infection may spread from the mitral to 
the tricuspid valve ring, and the subsequent endocarditis may cause the leaflets 
to be glued together, with resulting stenosis. 

Pulmonary Stenosis.— 'In most instances this lesion is congenital (develop- 
mental) in origin. The rare acquired cases are due to rheumatism. 

CHRONIC HEART FAILURE 

The most common cause of death is failure of the heart. This may 
be slow or sudden. The three great causes of gradual failure -are 
valvular disease, arteriosclerotic narrowing of the coronary arteries and 
arterial hypertension. We may therefore speak of valvular heart 
disease, arteriosclerotic heart disease, and hypertensive heart disease. 
Hypertensive heart disease is commoner than all the other forms put 
together. 

In a pure obstructive lesion such as aortic stenosis the chamber 
proximal to the obstruction will undergo a work hypertrophy, the 
muscle fibers becoming larger but not more numerous. IVlacMahon, 
however, has shown that in idiopathic cardiac hypertrophy of infants 
true proliferation of the fibers may occur, and in rare instances the 
same is true of children after severe toxic injury to the heart. The best 
example is seen in the so-called concentric hypertrophy of the left 
ventricle in arterial hypertension, whether of the primary “essential’' 
type or secondary to chronic nephritis. In arteriosclerotic heart 
disc«ase there may or may not be hypertrophy, depending on whether 
there is or is not an associated hypertension. 

In course of time dilatation is added to hypertrophy, "lliis may 
be compensatory or may be due to failure. Compensatory dilatation 
is seen in aortic incoinpetence. During diastole the blood regurgi- 
tates from the aorta through the incompetent valve into the ventricle 
in addition to that entering it from the auricle. If venous congestion 
is to be avoided the ventricle must dilate. At the same time it h^ per- 
ti*ophies in order to cope with the increased amount of blood it has 
to expel with each contraction. 

Dilatation from failure is likely to be the end of every cardiac lesion 
if the patient lives long enough. For a time hypertrophy can look 
after the increased load, but there comes a time when the effort fails, 
the muscle becomes exhausted, and the cavity dilates. This is more 
apt to occur when the myocardium itself is not healthy, as from fatty 
degeneration or myocardial scarring. A healthy heart may be acutely 
dilated as the result of very great and sudden exertion. The cavities 
will gradually return to normal size with rest in bed, but there may be 
functional cardiac disability for some time. 

Cardiac failure may be mainly left ventricular, or mainly right 
ventricular, or both. In chronic left ventricular failure the symptoms 
and signs are those of pulmonary hypertension with normal pressure 
in the systemic veins, i. c., cardiac dyspnea and accentuated pulmonary 
second sound. Right ventricular failure follows upon prolonged pul- 
monary h:>'pertension, which in turn may be due to left ventricular 
24 
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failure, to mitral stenosis, or to intrinsic pulmonary conditions. The 
term cor pulmonale is applied* to a condition of enlarged right heart 
(first hypertrophy and later dilatation) and dilated pulmonary artery 
due to narrowing of pulmonary arterioles and the capillary bed by 
pulmonary fibrosis, emphysema, or (rarely) pulmonary endarteritis 
obliterans; silicosis is an important cause of vascular obstruction; chest 
deformities (spinal curvature, etc.) may cause mechanical obstruction. 
The final stage of cardiac failure is congestive heart faihire, with engorged 
systemic veins, a large and tender liver, swollen legs, ascites, pleural 
efl’usion especially on the right side, and marked cyanosis. 

In infectious diseases heart failure is a frequent cause of death, 
and at autopsy the heart is often found to be remarkably soft and 
flabby. This may be due in part to the action of toxins on the myo- 
cardium, but a major factor appears to be peripheral circulatory failure. 
The strength of the cardiac contraction depends on the load placed 
on the muscle, and for a normal load there must be adequate filling of 
the ventricles during diastole and adequate venous flow from the per- 
iphery. If the blood collects in the dilated capillary plexuses in the 
viscera and skin in severe infections, shock, etc., or in the pulmonary 
vessels in influenza, the heart is not given enough work to do, loses its 
tone, and finally fails. 

LESIONS OF THE MYOCARDIUM 

Acute Bacterial Myocarditis.— Two forms of acute inflammation of the 
myocardium are recognized, bacterial and toxic. These are commonly known 
as interstitial and parenchymatous, but it is time that these meaningless terms 
were given up. The toxic form, indeed, is not even an inflammation. In both 
forms the heart is very soft and flabby, so that it flattens out on the autopsy 
table. It has a pale dead color, and the cavities arc dilated. The best example 
of acute bacterial myocarditis is the suppurative form, but the rheumatic, 
syphilitic, and tuberculous varieties all come under this heading. 

Suppurative Myocarditis. — This is usually a manifestation of pyemia, but 
the infection may spread from an acute ulcerative endocarditis or an acute 
pericarditis. Miliary abscesses are scattered through the fibrous tissue of the 
heart, or there may be a diffuse infiltration with polymorphonuclear leucocytes. 
There is marked destruction of the muscle fibers, and the condition ends in 
death. 

Rheumatic Myocarditis.— This has already been described. The rheumatic 
lesion or Aschoff body is a focal collection of inflammatory cells in the inter- 
stitial tissue, but the lesions may be diffu.se instead of focal. If the myocarditis 
is very acute it may kill the patient. Recovery is the rule, and small scars 
remain to mark the site of the lesions. 

Syphilitic Myocarditis.— This is described in connection with Syphilis of 
the Heart. 

Tuberculous Myocarditis. — This is very rare. There may be miliary tuber- 
cles scattered through the myocardium. Still more rarely there are large 
yellow caseous lesions of the myocardium unlike anything else found in the 
heart. 

Subacute Myocarditis of Unknown Etiology.— There is a small group of 
obscure cases characterized by rapid myocardial failure or sudden death in 
which granulomatous or subacute inflammatory lesions are found in the myo- 
cardium. It is probable that they represent a heterogeneous collection and 
not a definite entity, so that no really satisfactory name has been suggested. 
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It is reported in the literature under such names as idiopathic myocarditis, 
Fiedler’s myocarditis (first reported by Fiedler in 1899 ), and isolated myo- 
carditis. A good review of the subject is given by Magner, who reports a case 
from my laboratory. The patient had previously been in good health, and 
died unexpectedly after the removal of a non -toxic goiter; scattered through 
the myocardium were foci of mononuclears and giant cells. 

Acute Toxic Myocarditis.— This is a degenerative condition rather^ 
than an inflammatory one. Diphtheria offers a typical example. 
There is an acute degeneration of the muscle followed later by a 
secondary inflammatory reaction. The muscle fibers are swollen 
and granular and have lost their striations. The essential change 
is a hyaline degeneration and necrosis. For some reason only parts of 
the fiber may be affected. Fatty degeneration is not an important 
factor as a cause of myocardial weakness, although often blamed. 
After some weeks there is evidence of degeneration of muscle, the 
nuclei and the living fibers bordering the dead area undergoing longi- 
tudinal splitting. The interstitial tissue in relation to the necrotic 
muscle shows an inflammatory reaction with polymorphonuclears, 
lymphocytes, and later fibroblasts. This reaction may be looked upon 
as phagocytic and reparative in nature. 

The mlphonamide drugs may cause an acute interstitial myocarditis 
both in man and in experimental animals (French and Weller). The 
exudate is rich in eosinophils. In these days of universal chemotherapy 
this observation is of importance to the pathologist. 

Chronic Myocarditis: Myocardial Fibrosis,— The term chronic myo- 
carditis is in common use, but it indicates little ot nothing. Myo- 
cardial fibrosis, on the other hand, indicates what is found in the 
heart, a condition of scarring with little or no sign of inflammation. 
The fibrosed heart is firm and rigid, not soft and flabby as in acute 
myocarditis. White strands may be seen on the cut surface, espe- 
cially in the anterior wall of the left ventricle near the apex and in 
the interventricular septum, or they may only be visible in microscopic 
sections. 

It is evident that what is called chronic interstitial myocarditis 
resolves itself largely into a question of myocardial scars. The prob- 
lem is to determine the antecedent factor“ responsible for the scars. 
There are two main possibilities: (1) coronary artery occlusion, and (2) 
old inflammatory and necrotic foci (rheumatism, diphtheria, typhoid 
fever). As we arc dealing with an end-product it is often impossible 
to say which of these two was at fault. Undoubtedly the commonest 
cause of myocardial scars is coronary artery occlusion, either gradual 
or sudden. 

Heart-block.— The conduction system of the heart may be interrupted by 
a scar. Normally the impulse, starts at the sino-auricular node (the pace- 
maker), and passes by way of the auriculo- ventricular node of Tawara and 
the bundle of His to the right and left ventricles. An interruption of this 
path will leave the auricles beating at a normal rate, but the yentricles drop 
to a much slower rate of their own, about one-lialf that of the auricles, so 
that the pulse is correspondingly slow (bradycardia). The difference between 
the rate of the jugular pulse (auricular) and radial pulse (ventricular) is a 
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measure of the degree of heart-block. The chief effect of the slowing of the 
heart beat is felt by the brain. There may only be dizziness due to the cerebral 
anemia, but in the more severe cases there may be attacks of fainting (syncope). 
Finally there is the complete picture of the Stokes- Adams syndrome with con- 
vulsions added to the syncope often ending in death. 

There are two principal forms of heart-block: (1) auriculo-ventricular block 
due to a lesion in the upper part of the bundle, and (2) bundle-branch block 
due to a lesion in one of the two main ventricular branches. These forms may 
readily be distinguished in the electrocardiogram, which shows what is going 
on in the different parts of the heart during the various stages of the cardiac 
cycle. In bundle-branch block there is right or left ventricular predominance, 
depending on which branch of the conduction bundle is affected. 

Lesion . — The lesion in heart-block is anything which interrupts the con- 
tinuity of the conduction bundle. This may be an acute process or a scar. 
The two most important causes are coronary artery occlusion and syphilis. 
The occlusion may be sudden with the production of an infarct, or slow with 
ischemic necrosis and scarring as a result. The syphilitic lesion may be an 
active one or a scar. interventricular septal defect may cause congenital 
heart-block. Rheumatism, diphtheria, and typhoid fever may give rise to 
lesions in the course of the bundle. Extension of a process of degeneration 
and calcification of the aortic valve into the adjoining region which contains 
the bundle may cause complete heart-block. As the lesion which causes heart- 
block may be quite minute, it is necessary to cut serial sections of the entire 
length of the bundle, a rather formidable undertaking. 

Syphilis of the Heart. -For practical purposes cardiac syphilis is syphilitic 
aortitis (page 391). Myocardial scars and focal collections of lymphocytes 
and plasma cells have been attributed to syphilis, but without justification. 
Gumma of the myocardium is a rare condition. It is usually situated in the 
upper part of the interventricular septum, where it may interrupt the con- 
duction bundle and cause heart-block. 

Hypertensive Heart Disease.— The four principal forms of heart 
disease are those due to rheumatic fever, bacterial endocarditis, 
coronary artery occlusion, and arterial hypertension. The last of these 
is the commonest. A person with hypertension may live for many 
years without showing any symptoms. During this time the heart is 
accommodating itself to the increased work it has to do. As the patient 
gets older, as the coronary arteries become narrowed, and particularly 
if the blood-pressure continues to rise, the day will come when the 
myocardium is no longer equal to the strain, and congestive heart 
failure develops. 

The most striking feature is marked hypertrophy of the left ventricle, 
so that when the heart is grasped it feels like a closed fist. The walls 
are rigid, the heart maintaining its curved form when laid on the table. 
In the late stages dilatation may be added to the hypertrophy. Strands 
or patches of fibrous tissue are often scattered through the wall of the 
left ventricle. 

Apart from this fibrosis, which may be minimal in degree, the heart 
muscle appears normal. The individual fibers show no sign of degenera- 
tion, and are frequently hypertrophied. Why they should fail remains 
a mystery. What seems to be powerful muscle is unable to expel the 
blood from the heart with any vigor. It is evident that in the myo- 
cardium morphological appearance does not necessarily correspond 
with functional capacity. 
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CORONARY ARTERY OCCLUSION 

Three things may happen when one of the larger branches of the 
coronary arteries is occluded: (1) The patient may die immediately. 
By far the commonest cause of sudden death is cardiac failure; indeed 
it is the only thing which will kill a person msUinianeovsly. The 
commonest cause of sudden cardiac failure is coronary occlusion. 
(2) He may linger for a few hours or days. (3) In many cases, he 
recovers, at least for a time. Death from coronary occlusion is com- 
nion among doctors and other professional men. 

As regards 'pathogenesis, the occlusion may be produced in four ways : 
(1) atheromatous narrowing of the vessel; (2) thrombosis in an already 
atheromatous artery; (3) syphilitic aortitis of the root of the aorta 
sealing the mouths of the coronaries; (4) in rare cases an embolus from 
a vegetation of the valve may block a vessel. When an embolus 
blocks a main coronary artery, death occurs with dramatic sudden- 
ness. Occasionally syphilitic arteritis of the coronary artery may 
cause occlusion. At the site of the atheromatous plaque numerous 
lymphocytes are sometimes present in the adventitia. This appearance 
must not be mistaken for the i>erivascular cellular infiltration character- 
istic of syphilis. Of these various causes by far the most important 
is arteriosclerosis, with or without an added thrombosis. For this 
reason the general cardiac condition from which the patient suffers 
may be called arteriosclerotic heart disease. The coronary arteries share 
in the general atherosclerosis of old age. In young adults, however, 
the coronaries may be the only vessels affected, the condition being 
much more common in men than in women. Dock points out that the 
intima of the coronaries lying in the epicardium is much thicker than 
that of any artery of similar caliber elsewhere in the body, and that 
this is much more pronounced in the male, being present even in infants. 
This anatomical peculiarity may have some etiological significance. 

Duguid suggests that some (he says many) of the lesions regarded 
as atheromatous are arterial thrombi which have been transfcTined into 
fibrous thickenings by the process of organization. Most of the 
thrombi consist of fibrin, and these are converted into fibrous patches 
which fuse with the intima and become covered by endothelium. When 
the thrombus contains large numbers of red blood cells, fatty degenera- 
tion occurs, and this may give a picture indistinguishable from that of 
an atheromatous plaque. 

The importance of hemorrhage into an atheromatous plaque in the 
intima was first pointed out by Paterson and later by Winternitz. 
The hemorrhage is due to rupture of capillaries caused by atheromatous 
softening. In the majority of cases of coronary thrombosis intiiiuil 
hemorrhage can be demonstrate^!, but numerous blocks and serial 
sections may be needed for this demonstration. Even without throm- 
bosis the hemorrhage may produce great narrowing of the lumen by 
causing bulging of the intima. When hemorrhage is marked it can be 
recognized with the naked eye in cross-section of the artery. Intiinal 
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hemorrhage offers an explanation of those attacks of coronary occlusion 
which are precipitated by sudden exertion or excitement, both of 
which cause a temporary rise in the blood-pressure. In more than 
one-half of the cases of acute occlusion the heart is enlarged (over- 
weight), due possibly to hypertension, which may be an etiological 
factor. Some workers, however, believe that coronary arteriosclerosis 
may lead to cardiac hypertrophy quite independent of hypertension. 
In many cases of coronary thrombosis there is neither hypertrophy nor 
any evidence of hypertension. 

The relation of traima to coronary thrombosis is difficult to decide. 
Many cases are reported in the literature where a non-penetrating 
injury to the preoordia has been followed almost immediately by 
s\Tnptoms of thrombosis and infarction. In such cases it is reasonable 
to assume that trauma precipitated the thrombosis. The coronary 
artery is already the site of atheroma, and trauma may cause hemor- 
rhage into an atheromatous plaque, thus initiating thrombosis. 

Symptoms. — Parkinson remarks that when a man of advancing years is 
seized while at rest with severe pain across the sternum, which continues for 
hours and which is accompanied by shock, you may diagnose coronary occlu- 
sion. The chief incidence is between forty-five and sixty years of age. After 
sixty years the disease is not so common because of increasing anastomoses 
and vascularity in the myocardium of the left ventricle. Sudden death from 
extreme atheromatous occlusion of the coronary arteries may occur in tlie 
early twenties and thirties, as illustrated by the report of French and Dock 
on 80 cases in soldiers between the ages of twenty and thirty-six. The pain is 
abrupt in onset; he is well one minute and in agony the next. It is usually 
precordial but may be epigastric, and as there is often slight fever and jnod- 
erate leucocytosis, an acute abdominal condition is apt to be diagnosed. 
Newspaper accounts of death from acute indigestion are examples of coronary 
occlusion. Sometimes there is no pain. Dyspnea is the most constant symp- 
tom. The face is ashy pale and bathed in sweat. Shock is present, but is not 
to be explained by any of the current theories for traumatic shock. It is a 
manifestation of heart failure. There may be angor animi, a feeling of impend- 
ing dissolution. Weak heart sounds, acute pulmonary edema, enlargement of 
the liver, and albuminuria are common features. There is an increase in the 
sedimentation rate, usually about the fourth or fifth day. A pericardial fric- 
tion rub which is characteristically fleeting is often present. The prognosis 
varies. About one-half die suddenly. Of the remainder about one-half make 
a complete functional recovery and are able to resume work. The other half 
develop congestive heart failure or anginal attacks. 

The occlusion is usually in the anterior descending branch of the 
left coronary about 2 cm. from the commencement. Distal to the 
occlusion there may or may not be a thrombus, l^he atheromatous 
patch may block the lumen so completely that not even the finest 
probe can be passed along it. The result of acute occlusion, most 
readily understood when thrombosis completes the occlusion, is the 
production of a myocardial infarct. Of course, if the occlusion causes 
sudden death there will be no time for an infarct to be produced. 

The area involved includes the anterior part of the interventricular 
septum, the apex, and the anterior part of the wall of the left ventricle. 
When the right coronary is occluded the infarct includes the posterior 
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half of the interventricular septum and the posterior part of the wall 
of the left ventricle, with little or no involvement of the right ventricle. 
The contrast between the two forms is marked, but has only recently 
been recognized. If death has been instantaneous there will, of course, 
be no infarct. The areas are irregular in shape, yellow in color, and 
often smrounded by a red zone. (Plate VIII.) The larger areas may 
undergo softening (myomalacia cordis), and this may lead to rupture 
of the heart. If the endocardial surface is involved a thrombus will 
be formed on the necrotic area, and if the pericardial surface is involved 
there will be a patch of pericarditis. The area of pericarditis is more 
extensive than the apparent area of infarction. Embolism, sometimes 
fatal, may occur as a result of the mural thrombus becoming detached, 
(jradually the infarct becomes replaced by fibrous tissue, so that it is 
represented by a white patch of scar visible both on the endocardial 
and on the cut surface, with corresponding thinning of the wall of the 



Fig. 1G5. — Myocardial fibrosis following infarct. The wall of the ventricle at one 
side and at tlic apex is markedly thinned. 


ventricle. (Fig. 1(55.) Should the patient survive for some time the 
wi*aki*ne(l area will give way and bulge outward, so that an aneurism 
of the heart is formed with marked thinning of the wall. (Fig. 166). 
This usually involves the anterior wall of the left ventricle near the 
apex. In course of time this aneurism may rupture, causing sudden 
death. Sometimes a thrombus will form on an area of scarring, even 
though there is no recent necrosis. A heart which is the site of an 
old infarct is usually hypertrophied; in many cases this hypertrophy 
is not related to hypertension. 

The microscopic appearance of the infarct depends on its age. The 
sequence of events was determined in the experimental animal by 
Karsner and Dwyer in 1916, and more recently in the human subject 
by Kenneth Mallory and his associates. Necrosis is not evident till 
the end of six hours, when the muscle fibers become hyaline and stain a 
deeper red with acid dyes. The striations are indistinct and finally 
lost, the clear outline of the fibers are now smudged, the spaces between 
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the fibers are filled with granular debris, and the nuclei disappear. 
Some of the fibers may become swollen and vacuolated before disin- 
tegrating. (Fig. 167.) In the first week there is slight polymorphonuclear 
infiltration of the necrosed area at the end of twenty-four hours, and by 
the fourth day this has become marked. Removal of the necrosed tissue 
begins. In the second week this removal is carried out by great numbers 
of pigment-filled macrophages, which replace the polymorphonuclears. 
The pigment is partly muscle pigment and partly blood pigment result- 
ing from hemorrhage from greatly distended vessels. New capillaries 
and fibroblasts grow into the infarcted area. In the third week removal 

of the dead muscle may be com- 
pleted in small infarcts, though 
much delayed in large lesions. '^I'he 
fibroblasts begin to form collagen. 
From the fourth to the sixth week 
collagen formation is marked. 
(Plate IX.) By the end of the 
second 'mouth the process is com- 
plete and the infarct is healed. All 
the dead muscle is replaced by 
dense scar tissue, and only a few 
cells and granules of blood pig- 
ment remain. (Fig. 168.) The 
speed of the process varies with 
the size of the infarct and tlu* 
state of the remaining circulation. 

Gradual occlusion of the vessel 
will lead to the same end-result, 
i. e., myocardial scarring, though 
without the production of an in- 
farct. In this case the muscle 
fibers gradually die and are re- 
placed by fibrous tissue, the con- 
dition inappropriately called 

Fio. J66.— Aneurism of heart showin* chronic interstitial myorarditis. 

bulging and thinning of ventricular wall. No blood pigment is foUnd in these 

lesions. Fatty degeneration can 

be demonstrated in the slowly dying fibers; this is not the case in 
an infarct. 

It not infrequently happens that in an autopsy on a person who has 
had no cardiac symptoms and who has died as the result of some other 
disease one is astonished to find the left coronary completely blocked 
by atheroma. The explanation is that a collateral circulation has 
slowly been established. The work of Blumgart and Schlesinger has 
demonstrated the part played by collateral vessels in a striking way. 
The coronary arteries were injected with a radio-opaque lead mass of 
different colors, followed by combined roentgenographic and dissection 
studies. The right artery was colored red and the left blue. Fine 





PLATE IX 



Fibrosis of the Myocardium, the Result of Coronary Occlusion. 

lu'Mit iniuscU* is ml, the fihioiis tissue blue. (Malloiy’s i-uiuiective 
tl>t^ue stain.) 
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anastomoses less than 40 microns in diameter exist between the two 
sides, but these are of no functional value and do not permit passage 
of the injection mass. As the result of slow obstruction, abundant wide 
anastomoses develop, so that subsequent sudden obstruction may not 
result in infarction because the collateral circulation keeps alive the 
area deprived of its normal blood supply. This explains how it is that 
the site of an infarct does not necessarily bear a constant relation to 
the site of occlusion. This anastomotic circulation develops only 
where and when it is needed, either as a result of diminished coronary 
flow, or as a result of increased demand in a heart undergoing hyper- 
trophy. 




Fig. 167. — Infarct of heart, early stage. Fig. 168.- -Healed infarct of heart. 

The dark material represents normal X 140. 

muscle fibers, the pale areas are degener- 
ated fibers. X 200. 

In rare cases there may be infarction without coronary occhtsion. 
These cases, which are very puzzling, must be attributed to relative 
myocardial ischemia, which may be only temporary. In most of the 
cases hypertension has been present, a condition in which vasocon- 
strictor phenomena are common, and in which there is myocardial 
hypertrophy with a correspondingly increased demand for blood. 
There may be a temporary fall of the intra-aortic blood-pressure, or 
failure of the mechanism regulating compensatory dilatation of the 
coronaries. Finally, the pathologist may have failed to demonstrate 
occlusion of one of the smaller arteries. When the coronary vessels 
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are examined by the combined injection-dissection technic it is found 
that almost two-thirds of the occlusions are less than 5 mm. long 
(Schlesinger and Zoll). Such short occlusions are easily overlooked. 

Relation of Ssrmptoms to Lesions. — The sudden pain, distress, dyspnea, 
angor animi are due to the heart having received a sudden trauma from the 
cutting-off of the blood supply to part of the muscle. When any muscle is 
suddenly deprived of its blood supply as by embolism it goes into a painful 
spasm. An ordinary muscle can be rested, but the heart cannot afford to 
stop and rest. The leucocytosis is due to the formation of what is practically 
an aseptic abscess in the heart. The fever is probably in the nature of a pro- 
tein reaction from the dead tissue. The pericardial friction rub is due to the 
presence of a patch of aseptic inflammation caused by necrosis of the muscle 
on the surface of the left ventricle. It is not heard in occlusion of the right 
coronary artery, as the affected area is on the posterior surface of the heart. 

There is a growing feeling amongst clinicians that there may be some con- 
nection between gall-bladder infection and coronary thrombosis. Patients with 
gall-bladder disease may show symptoms of early cardiac failure or angina 
pectoris. There may be only symptoms or definite cardiac lesions may be 
present. 

Angina Pectoris.— Angina pectoris or sudden pain in the chest is a 
clinical rather than a pathological entity. In its typical form it differs 
sharply from the clinical picture of acute coronary occlusion, for the 
pain in angina comes on as the result of sudden exertion or emotional 
excitement and goes off when this has passed, it tends to pass down 
the arms, particularly the left, and there is none of the fever and leuco- 
cytosis of infarction of the heart. In many cases, however, the pictures 
come closer together, and a person may have a number of attacks 
of angina pectoris and finally die of coronary occlusion. The patient 
may die in the first attack as in the case of Dr. Arnold of Rugby, 
or he may have many attacks as did John Hunter, who described 
one of these in the following vivid words: “As I was walking about 
the room I cast my eyes on a looking-glass and observed my counte- 
nance pale, my lips white, and I had the appearance of a dead man 
looking at himself.” 

-It is generally believed that the pain is due to temporary myocardial 
ischemia, the attack being brought on by physical exertion or emo- 
tional excitement which throw an additional strain on the heart. The 
ischemia is relative, and may be caused not only by coronary atheroma, 
syphilitic aortitis, aortic stenosis, etc., but also by cardiac hypertrophy^ 
without a corresponding increase in the coronary circulation. It is 
evident that anginal attacks may finally terminate in cardiac infarction. 

The work of Sir Thomas Lewis on pain in skeletal muscle throws a sidelight 
on the mode of production of myocardial pain. The circulation was cut off 
from the arm by means of a tourniquet, and the hand was made to work by 
pressing on a small instrument containing a spring. Pain began in thirty 
seconds and became unbearable in seventy-five seconds. If the muscle were 
kept at rest there was no pain. When pain was induced, the work stopped 
and the tourniquet kept on, the pain continued at the same level of intensity; 
when the ligature was removed, the pain disappeared in from two to four 
seconds. Lewis believes that processes arise in the muscle fibers which lead 
to changes in the tissue spaces around these fibers and cause the pain, which 
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is therefore chemical in origin. In coronary occlusion the ischemic muscle 
continues to work, keeping up the chemical factor in the tissue spaces; hence 
the gradual onset of the pain and its long duration. Amyl nitrite probably 
acts in angina by dilating the coronaries and sweeping away the pain-producing 
factor in the tissue spaces; it does less good in coronary occlusion because the 
occluded vessel is unable to open, and the drug can act only on the collateral 
circulation to the ischemic muscle. 

Sudden Cardiac Death. — When a person dies suddenly of heart 
failure (instantaneously or in the course of a few minutes or hours), 
the cause may lie in the myocardium, the coronary arteries, or the 
aorta. (1) TWe may be rupture of the heart due either to softening 
of an infarct or to the formation of an aneurism of the heart at the site 
of a scar. Sudden death on exertion may follow the myocardial degen- 
eration of diphtheria. (2) Coronary occlusion is the commonest cause 
of sudden cardiac death. The occlusion may be at the mouth of the 
artery as in syphilitic aortitis, or in the course of the artery as in 
atheroma. (3) In the aortic group may be placed rupture of an aortic 
aneurism, some cases of angina pectoris, and aortic incompetence. 
Finally there remains a group of cases in which the patient dies of 
sudden heart failure, but no satisfactory cause can be found at autopsy. 
Such cases may be put down to shock, status lymphaticus, or a visita- 
tion from God. 

Myocardial Degenerations.— The myocardial fiber is a specialized 
cell, and is therefore subject to the usual degenerative changes from 
which cells suffer. In septicemia and toxemias the heart may be so 
flabby that it flops down on the autopsy table. This extreme lack of 
tone, not necessarily associated with any microscopic change and 
difficult to designate with a fitting name, may be the only structural 
alteration in the entire body, and may with justice be blamed as the 
immediate cause of death. 

Cloudy Swelling.— This is a condition of slight importance, and 
difficult to differentiate from postmortem autolyti(! change. It is 
seen after infectious fevers, especially typhoid, septicemias, etc. The 
heart is softer and paler than normal. The fibers are swollen and 
contain granules soluble in weak acetic acid. 

Fatty Degeneration.- This is caused by the usual factors responsible 
for fatty degeneration (see Chapter II), of which severe anemia, 
especially the pernicious form, is the chief. In the gross the heart 
shows the characteristic mottled “thrush-breast” appearance, best 
seen under the endocardium covering the papillary muscles of the left 
ventricle. (Fig. 169.) The yellow spots represent areas of fatt\^ 
c hange. Microscopically rows of fat droplets are seen in the muscle 
fibers in frozen sections; they can be stained red with Sudan III or 
Schiirlach and black with osmic acid. Unless it is very extreme the 
condition does not seem to interfere seriously with the power of the 
heart. 

Fatty Infiltration.— This is a lipomatosis of the heart, with deposits 
of fat under the pericardium and in the interstitial tissue. (Fig. 170.) 
It is mereb' part of a general adi^sity. The muscle fibers may suffer 
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from pressure, and if the infiltration is very marked there may be 
interference with the heart’s action. 




Fio. 170. — Fatty infiltration of 
heart. X 125. 


Fig. 171. — Fragmentation of myo- 
cardium. X 250. 
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Brown Atrophy. —Here there is wasting of the heart, which is of a 
deep brown color. The condition is seen in long-continued wasting 
diseases and in old age. The muscle fibers are small, and at each pole 
of the nucleus there is a collection of yellow pigment, one of the lipo- 
chromes. This pigment has been well named a “wear-and-tear’’ 
pigment, for, although normally present in small amount, it becomes 
very greatly increased in conditions where the tissues undergo much 
wear and tear. 


Deficiency Disease. — In vitamin deficiency, especially deficiency in vitamin 
Bt, there may be symptoms of myocardial failure. These f)atients arc usually 
chronic alcoholics (alcohol having high caloric value but no vitamin Ih), food 
cranks or drug addicts. In a group of such cases Weiss and Wilkins found 
hydropic degeneration of the myocardium and conduction fibers and an 
increase in intercellular tissue. Thomas and his associates fed rats and hogs 
on a diet deficient in mineral and vitamin (potassium and vitamin Bg) and 
produced severe myocardial necrosis, cellular infiltration and later fibrosis. 

Fragmentation. — In soft and flabby hearts, such as occur in continued 
infections, intestinal obstruction, etc., the muscle fibers may be fragmented*, 
i. c., broken across transversely, the broken 
ends being separated for some little 
distance (Fig. 171). Owing to the ab- 
sence of any surrounding reaction to 
injury it is usually supposed that the con- 
dition develops in the death agony. It 
inay occur in the healthy heart if "death 
is violent (hanging, strychnine poisoning, 
etc.). In the latter cases there is likely 
to be a clean break and nothing more, 
whereas in the flabby hearts there is 
often an accompanying degeneration and 
disintegration of the muscle fibers. 

Tumors of the Heart. — Primary tumors 
of the heart are very rare, and need only 
be mentioned. Myxoma is a soft pedun- 
culated tumor growing from the wall of 
the left auricle at the site of the closed 
foramen ovale. (Fig. 172.) The surface 
may be papillaiy in character. The 
microscopic picture is myxomatous, but 

may suggest that the tumor is really an endothelioma. Fibroma, angioma, and 
rhabdomyoma have been described. The rhabdomyoma is a developmental 
tumor which is associated with tuberous sclerosis of the brain and develop- 
mental defects in the kidneys. Secondary growths are more common, par- 
ticularly malignant melanomas. 



Fig. 172. — Mjrxoma of heart growing 
from wall of left auricle. 


CONGENITAL HEART DISEASE 

A great variety of congenital abnormalities of the heart may occur, 
some very rare, others incompatible with life, e. g., absence of the 
heart, ectopia cordis, displacement of the heart in the neck or the 
abdomen, etc. There may be minor defects such as a lacunar fenes- 
tration of the semilu na r valves, which are of no functional significance. 
Only the commoner conditions will be touched on here. For a fuller 
account the writings of Maude Abbott should be consulted. 
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The key to most of the defects lies in variations in the formation of 
the septum which divides the heart into a right and left side. The 
primitive heart consists of three chambers, auricle, ventricle, and 
aortic bulb. Separate septa are formed which divide these chambers 
longitudinally into right and left sides, and subsequently fuse. If any- 
thing goes wrong with this fusion, congenital defects will result. 

While the septum which divides the aortic bulb into aorta and pul- 
monary artery is being formed, a spiral twisiting occurs so that the 
pulmonary artery moves forward and to the right, the aorta backward 
and to the left. If this twisting does not take place the aorta will 
rise from the right ventricle and the pulmonary artery from the left. 
This condition is known as transposition of the great vessels. 

IMuch commoner is a deviation of the septum^ nearly always to the 
right, so that the pulmonary artery is narrower and the aorta wider 
than normal. In this way pulmonary stenosis is produced. The 
bulbar septum is now unable to fuse with the ventricular septum, 
and the root of the aorta is astride of the latter so as to arise partly 
from the left and partly from the right ventricle. A gap remains in 
the upper or membranous part of the interventricular septum. 

Even if the deviation of the bulbar septum is not sufficient to bring 
the aortic opening astride of the ventricular septum, the upper part 
of that septum will still tend to remain open, for the narrowing of the 
pulmonary opening raises the pressure within the right ventricle so 
that the blood tends to flow from it into the left ventricle, thus inter- 
fering with the closure of the opening in the interventricular septum. 
The same holds true for closure of the intcrauricular septum and the 
ductus arteriosus which connects the pulmonary artery with the aorta 
in intra-uterine life. It is for this reason that pulmonary stenosis is 
so often associated with other congenital cardiac defects. Dex iation 
of the septum to the left wdll cause stenosis of the aortic opening, a 
much rarer condition. 

The various congenital cardiac anomalies may be divided into two 
great groups: (1) Those in which there is an arteriovenous shunt with 
intermingling of the blood in the systemic and pulmonary circulations, 
and (2) those in which no such communication exists. Cyanosis, which 
is so important a symptom of congenital heart disease, is only present 
when blood flows from the right side of the heart into the left (venous- 
arterial shunt). This may occur if the septal defect is large, if the 
pressure on the right side is raised by pulmonary stenosis or failure 
of the left ventricle, or if the aorta arises partly from the right ventricle. 
The flow may originally be from left to right, but when left-sided 
failure sets in the direction of flow may be reversed. It may be noted 
that even the most extreme degree of cyanosis is not associated with 
edema, a highly characteristic feature. 

Congenital defects are points of weakness against bacterial infection. 
Not infrequently the patient with congenital heart disease dies of sub- 
acute bacterial endocarditis. The vegetations may be found on a 
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bicuspid aortic valve, a stenosed pulmonary valve, or at the site of 
coarctation of the aorta. 

Pulmonary Stenosis.— This is the most important of the congenital 
heart lesions. Though associated with marked cyanosis the condition 
is compatible with fairly long duration of life. The opening is nar- 
rowed, and in addition the cusps arc commonly fused together to form 
a diaphragm in the center of which there is a circular opening. The 
valve is usually sclerosed, but may be of normal thickness. Instead 
of three cusps there may be two or four. The wall of the right ventricle 
shows a marked work hypertrophy. In rare cases the stenosis may be 
either proximal or distal to the valve. The condition may be asso- 
ciated with patent foramen ovale, deficient interventricular septum, 
and patent ductus arteriosus. The usual cause of the condition is a 
deviation of the bulbar septum to the right, so that an unduly small 
pulmonary artery is cut off from an unduly large aorta with the produc- 
tion of the tetralogy of Fallot, i. e., pulmonary stenosis, displacement 
of the aorta to the right, enlargement of the right ventricle, and a 
defect in the interventricular septum. It is possible, though by no 
means certain, that a small number of cases are due to fetal endocar- 
ditis. Those cases in which the valves are sclerosed and adherent, 
but without any accompanying displacement of the aorta or defect in 
the inter^^entr^cular septum, may be inflammatory rather than devel- 
opmental in origin. 

The diagnosis of pulmonary stenosis can now be made during life 
with a high degree of accuracy. In addition to such features as marked 
cyanosis (the classical '‘blue baby’’), compensatory polycythemia, low 
oxygen content of the peripheral blood, and severe dyspnea, the roent- 
genogram reveals the same size of the pulmonary artery. 

From what has already been said it is evident that the condition 
of the ductus arteriosus is all-important, for it is by this route that 
the lungs receive their main blood supply. If partial closure of the 
ductus occurs, the condition of the child may become extreme or 
desperate. For the relief of such a condition Blalock and Taussig 
have devised an operation which has succeeded in restoring the circu- 
lation to normal and the child to health. The principle is to bypass 
the obstruction by constructing an artificial ductus arteriosus, so 
that an adeciuate supply of blood is poured into the pulmonary circula- 
ation. This is done by anastomosing the innominate or left subclavian 
artery to the right or left pulmonary artery just distal to the bifurcation 
of the main artery in such a v ay that the blood flows to both lungs. 
In many instances the most dramatic improvement has resulted, 
l^he most suitable cases are those presenting the tetralogy of Fallot 
with a small or closed ductus. Owing probably to the polycythemia 
there is a marked tendency to thrombosis, particularly in the cerebral 
vessels, and this may lead to a fatal termination after, and occasionally 
before, operation. 

Aortic Valve Lesions.— Aortic stenosis is much less common than 
pulmonary stenosis. Apart from stenosis there may be an abnormal 
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number of cusps, two or four. A bicuspid aortic valve is peculiarly 
liable to suffer from subacute bacterial endocarditis. Gross points out 
that if a bicuspid aortic valve is really congenital in nature it will be 
associated with other developmental cardiac defects; such cases are 
usually seen in children. In adults the condition is usually acquired 
in nature, rheumatic in origin, and not associated with other defects. 

Ck)arctation of the Aorta.— This is a condition of narrowing of the 
aorta (coarctare, to press together) in the region where it is joined by 
the ductus arteriosus. Two forms are recognized, the infantile and 
adult, depending on the relation of the constriction to the ductus. 
In the infantile type the constriction is proximal to the ductus, between 

it and the subclavian artery, and the 
ductus remains widely patent. Other car- 
diac anomalies are common in this form. 
In the adnlt type the constriction is at or 
just distal to the ductus, which is obliter- 
ated. Other anomalies are rare, but sub- 
acute bacterial endocarditis is a common 
cause of death. The infantile form is not 
compatible with continued life, and is 
found in the still-bom and young infants. 
The narrowing may be so great that the 
opening may barely admit a probe. In the 
adult form the blood makes its way to the 
lower part of the body by means of greatly 
dilated collateral vessels, the subseapular 
and internal mammary arteries from the 
subclavian anastomosing with the inter- 
costals and epigastrics respectively. (Fig. 
173.) This collateral circulation fails to 
develop in the infantile type, as the blood 
from the patent ductus enters the aorta 
be\ond the obstruction. The clinical picture is characteristic, i. e,, 
arterial hypertension in the upper part of the body, large pulse volume 
in the arm and small in the leg, palpable or visible vessels along the 
dorsal border and angle of the scapula (subscapular collaterals), and 
a grooving of the ribs in the roentgen-ray film (internal mammary 
and intercostals). 

It is now possible to excise the stenosed segment and join the divided 
ends. After this surgical Umr deforce the clamps on the aorta must be 
released gradually, otherwise the sudden release of pressure may lead 
to fatal fibrillation of the left ventricle. 

Patent Ductus Arteriosus.— The ductus arteriosus is the channel by 
which in intra-uterine life the blood passes from the right heart into the 
aorta without passing through the lungs. It arises at the bifurcation of 
the pulmonary artery and ends in the aorta beyond the opening of the 
left subclavian artery. It is patent at birth, but becomes obliterated 



Flo. 173. — Coarctation of 
aorta with collateral circula- 
tion. (Maufle Abbott and 
Dawson, International Clin- 
ics, courtesy of J. B. Lippjn- 
cott Coniijany.) 
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during the third and fourth weeks of extra-uterine life. It often remains 
open as the result of other congenital defects. 

When the ductus remains patent, a condition which is twice as 
common in females as in males, the blood flows from the aorta into the 
pulmonary artery. In uncomplicated cases, therefore, there is no 
cyanosis. There may, however, be a temporary reversal of flow owing 
to heightened pulmonary pressure, as in prolonged crying, violent 
physical exertion, or terminal heart failure, with resulting cyanosis. 
If the ductus is acting as a compensatory mechanism to other congenital 
cardiac anomalies, cyanosis may be present even under resting con- 
ditions. There may be a rumbling systolic murmur and thrill in the 
pulmonary area. It is possible to pass a tube into a vein in the arm, 
and onwards into the jugular vein, right auricle and ventricle, finally 
entering the pulmonary artery. By this means the pressure effect of 
the flow of arterial blood into the pulmonary artery can be demon- 
strated and the increased oxygen content of the blood can be deter- 
mined, so that the diagnosis can be confirmed with absolute certainty. 

Although the condition is compatible with a long and active life, 
in the great majority of cases life expectation is considerably shortened. 
The great danger is the development of Streptococcus viridans end- 
arteritis. This threat can now be averted by ligation of the ductus, 
or even better, by complete division. 

Deficiencies of the Septa. — In rare cases the septum between the auricles 
or the ventricles may be absent. The condition is not compatible with life. 
Incomplete closure is much commoner. 

Inter auricular Communication , — The foramen ovale remains patent in about 
25 per cent of normal persons, but, as the opening is usually very small and 
oblifiuc or valvular, little blood can pass from one side to the other. It may 
be widely patent, and yet give rise neither to signs nor symptoms. Even the 
cyanosis so common in congenital heart disease is absent, for the blood merely 
passes from the loft to the right auricle and thence to the lungs where it is 
oxygenated. 

Interventricular Communication , — The deficiency of the septum which may 
occur in pulmonary stenosis has already been described. In addition there 
may be an opening in the membranous part of the septum or in tl»e muscular 
wail immediately in front of it (Roger's disease). The heart is large and 
globular, and a loud systolic murmur is heard and a systolic thrill felt at the 
inner end of the third left intercostal space. 

Relation of Symptoms to Lesions.— The chief symptom is cyanosis. This 
may be present at birth C‘blne baby"), or may develop later. It is due to 
the venous blood on the right side mixing with the arterial blood on the left. 
A compensatory polycythemia or increase in the number of the red blood cells 
takes place so as to compensate for the deficiency of oxygen. The size of the 
erythrocytes is also increased, so as to average 8 microns or more. Dyspnea 
is a common symptom due to deficient oxygenation. The patient is small 
and puny. There is clubbing of the fingers, as often happens in conditions of 
poor oxygenation; the terminal phalanges are thickened and the nails thick 
and curved. Various murmurs and thrills may be detected, but none are 
pathognomonic. The absence of puliation in the lower extremities in coarcta- 
tion of the aorta is very characteristic. 


25 
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THE PERICARDIUM 

Peri^ditis. —Inflammation of the pericardium is usually rheumatic 
in origin, and forms part of a rheumatic carditis. The pneumococcus 
is the next commonest cause, spreading from a pneumonic lung to the 
pericardium by way of the lymphatics. It may occur as a complication 
in septicemia or any of the infectious fevers. The tubercle bacillus may 
be the infecting agent. Finally it may be a terminal condition in 
chronic debilitating diseases, particularly Bright’s disease (uremic 
pericarditis). 

Sjrmptoms.— The chief clinical features arc fever, precordial pain, and a 
friction rub which at first may be soft like the rustling of silk, but later is rough 
and rasping like the creaking of leather. No acute infection may be more 
insidious in onset than pericarditis, and there may be no fever, no pain, no 
friction. Often the condition is discovered for the first time at autopsy, to 
the great surprise of the clinician. 



Lesions.— The pericardium shows the usual characteristics of inflam- 
mation of a serous membrane. A thick fibrinous deposit is laid down 
on both the visceral and parietal layers, giving the heart a shaggy 
(“bread-and-butter”) appearance. (Fig. 174.) Its gross and micro- 
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scopic characters have already been described in connection with 
rheumatic heart disease. There is a varying amount of serous exudate, 
scanty in the rheumatic form but abundant and sometimes purulent 
in pneumococcal and other infections. The fluid collects first at the 
base of the heart. The fibrinous exudate may be largely absorbed, 
but some of it may be organized by the ingrowth of fibroblasts, and 
opaque white patches or milk-spots are left usually on the anterior 
surface of the right ventricle. Organization of the exudate may lead 
to the formation of adhesions between the two surfaces, and these niay 
involve the whole heart, a condition known as adherent pericardium. 
Calcification may occur in the organized tissue with the formation of 
stony plates on the surface of the heart. 

Relation of Symptoms to Lesions. — The most characteristic physical sign, 
the friction rub, is due to the two rouRhened surfaces rubbing against one 
another. If fluid accumulates to any extent the surfaces may be separated 
and the friction disappears. If the fluid is very abundant the heart sounds 
will be faint and distant. The pain is due to the same cause as the friction, 
the rubbing together of the inflamed surfaces. It may be slight or absent, 
and disappears as the fluid accumulates. 

Tuberculous Pericarditis.— The heart is usually covered with a fibrinous 
exudate which completely conceals the tubercles. The effusion is generally 
very abundant and purulent. If a pericardial sac is distended with pus, the 
condition is likely to be tuberculous or pneumococcal. Hemorrhage is common. 
A bloody exudate should suggest either tuberculosis or malignant disease. 
Microscopically the characteristic tubercles are seen under the fibrinous 
exudate. 

Chronic Constrictive Pericarditis.— In this uncommon condition the heart is 
compressed by a layer of dense tough fibrous tissue which envelops the organ. 
There is great uncertainty as to the cause of the dense envelope. Rheumatism 
can be ruled out. In healed rheumatic pericarditis the scar tissue is thin, the 
fibers arc slender, chronic inflammatory cells are present, and there is no 
extensive destruction of tissue. In constrictive pericarditis the thick, dense 
envelope may present large cavities containing inspissated caseous material. 
The tissue is hyalin ized, any collagen fibers are huge, calcification is common, 
and tissue destruction is marked. It seems probable that most cases are 
tuberculous, although complete healing may have occurred. 

The compression prevents the normal diastolic filling of the auricles, so 
that there is marked distention of the jugular veins, marked enlargement of 
the liver and recurring ascites. The heart, although profoundly disabled, is 
characteristically small and quiet, because it is unable to dilate or hypertrophy. 
The liver and spleen may be coated with a laj^er at first fibrinous and later 
fibrous, the so-called sugar-icing (Zuckerguss). This is apparently due to the 
long-standing ascites. The pleura may be similarly involved. This polyserositis 
has been called Pick's disease. Resection of the thickened and constricting 
pericardium has given excellent results in many cases. 

Hemopericardium. — Hemorrhage into the pericardial sac may be due to 
rupture of the heart, wounds of the heart, or rupture of an aneurism of the 
first part of the thoracic aorta. If the hemorrhage is rapid it will compress the 
auricles so that they cannot be filled, and death occurs from heart failure. 
If the hemorrhage is only a slow leak the heart may accommodate itself to 
the pressure. Blood is often found in the fluid exudate in tuberculous peri- 
carditis and in effusion due to secondary tumors of the pericardium. Petechial 
hemorrhages in the serous membrane are common in septicemic and anemic 
conditions. 
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Hydropericaxdium.— This is a dropsy of the pericardial sac, usually part of 
a general dropsy due to cardiac or renal disease. The sac may be greatly 
distended with clear watery fluid, which may interfere seriously with the 
heart’s action. 
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THE BI.OODVESSELS 

THE ARTERIES 

For the purposes of pathology it is convenient to divide the arteries 
into three classes: (1) '^I'lie large or elastic type (aorta, carotid, etc.); 
(2) the medium or muscular type (radial, renal, superior mesenteric, 
etc.); (3) the intimate vasculature (small vessels such as the inter- 
lobular arteries and afferent arterioles of the kidneys). The distinc- 
tion is useful, because each of these suffers from a different form of 
degenerative lesion ; in the elastic type atheroma is the common lesion, 
in the muscular type the medial sclerosis of Monckeberg, and in the 
intimate vasculature the diffuse hyperplastic type of sclerosis. Excep- 
tions to this generalization will be encountered (i. e., atheroma in 
small vessels such as the coronaries and cerebrals) , but the generaliza- 
tion is useful nevertheless. Arterial lesions will be divided into three 
main groups for descriptive purposes: (1) Inflammatory lesions such 
as acute arteritis, syphilis, and rheumatism; (2) obliterating lesions such 
as thrombo-angiitis obliterans, periarteritis nodosa, and obliterating 
endarteritis; (3) the degenerative arteriosclerotic group, i. e., athero- 
sclerosis, Monckeberg’s medial sclerosis, and diffuse hyperplastic 
sclerosis. It must be remembered that the postmortem appearance 
does not necessarily represent the true condition of the artery during 
life. The small lumen and deeply folded intima and internal elastic 
lamina are due to contraction of the media after death, and will 
naturally vary with the amount of contraction. These artefacts are 
a fallacy which invalidates much of the work of measuring arterial 
walls and lumina. 

ACUTE ARTERITIS 

Acute Periarteritis. — Acute inflammation may attack an artery from 
the outside or the inside. An artery which passes through a focus of 
suppuration such as an abscess should be very liable to infection, 
but on the contrary it is quite resistant. Sometimes, however, the 
bacteria penetrate the wall and produce an acute arteritis and peri- 
arteritis, the media and adventitia being filled with polymorphonu- 
clear leucocytes. The wall may be so weakened that hemorrhage 
may occur. Beffjre the days of asepsis secondary hemorrhage was very 
common in operation wounds and was due to an acute suppurative 
arteritis produced by the septic ligature which was buried in the 
lacerated wall of the vessel. After a number of days the destruction 
of the wall was so great that hemorrhage occurred into the wound, 
and this was often fatal. 

(390) 
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Acute Endarteritis.— If an infected embolus from a septic thrombus 
in a vein or a vegetation of an acute endocarditis lodges in an artery 
it infects the vessel from within. Again the vessel wall becomes acutely 
inflamed. The results may be (1) septic thrombosis with breaking up 
of the thrombus and the formation of secondary metastatic abscesses; 
(2) the production, by weakening of the wall, of a small mycotic aneu- 
rism. This may burst and lead to severe or fatal hemorrhage. 

SYPHILIS OF THE ARTERIES 

S>T)hilis attacks two important sets of vessels: (1) the aorta and 
its large branches, and (2) the cerebral arteries. Other vessels may 
be affected, but the clinical effects are of relatively little importance 
compared with these two. 

S3rphilitic Aortitis. — Aortitis is one of the commonest and most 
important of syphilitic lesions. It is usually found in males between 
the ages of thirty and fifty-five years. Symptoms seldom appear 
within five years of the primary lesion, although the aorta is probably 
infected from the very beginning of the disease. The spirochetes are 
lodged in the adventitia and media and are remarkably resistant to 
treatment, with the result that active lesions can almost always be 
found at autopsy, no matter how vigorous the treatment has been. 

Symptoms. — The chief symptom is substernal pain. With the progress of 
time an aortic aneurism may develop, a condition which will be considered 
later. 

Lesions.— The gross appearance is very characteristic unless it is 
obscured by the development of atheroma. The lesion begins in the 
aortic wall just distal to the aortic cusps, and spreads horizontally 
around the root of the aorta and distally as far as the mouths of the 
great vessels springing from the arch. This forms in many cases a 
zonal lesion picturesquely known as the girdle of Venus. Even more 
frequently the whole arch is diffusely involved. The probable reason 
why the suprasigmoid portion is the site of election is that it has such 
an abundant lymph supply, the spirochetes being carried in the peri- 
vascular lymphatics. The gross changes may be traced down as far 
as the diaphragm, where they suddenly stop, and as a rule the ab- 
dominal aorta is free from lesions. 

In the affected area the intima is raised into patches, at first smooth 
and pearly, but later pitted and scarred. The intervening tissue is 
wrinkled like the bark of a tree. Longitudinal wrinkling is striking, 
but is not specific. It is the fine transverse wrinkling due to stellate 
scars which is highly characteristic of syphilis. The swelling of the 
intima may so narrow the openings of the coronary arteries that they 
are reduced to mere pin-points or one of them may be completely 
closed. In such a case there may be symptoms of coronary obstruction 
or the patient may suddenly drop dead. The disease does not spread 
along the coronary arteries. In a pure case the yellow fatty changes. 
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calcification and ulceration of atheroma are absent, but it must be 
remembered that atheroma of the aorta often complicates syphilis. 
The adventitia is thickened, and the vessel is often unduly adherent to 
the mediastinum. The cut edge shows thickening both of the intima 
and the media. Owing to destruction of the elastic tissue by the spiro- 
chetes there is a dilatation of the vessel and especially of the aortic 
ring. In this way an extreme degree of aortic incompetence may be 
produced, for the cusps are quite unable to come together. 

The condition of the aortic valve deserves close attention. In some 
cases the cusps are quite normal, even though there is a marked degree 
of incompetence. In other cases a characteristic condition of syphilitic 
endoca rditis is present. This never occurs apart from syphilitic aortitis, 
and is never seen in the mitral valve. There are two distinctive lesions 
(Fig. 175): (1) the cusps are sclerosed and contracted, and the free 



Fig. 175. — S3rphilitic aortitis. The surface of the aorta is nodular, wrinkled, and 
scarred. There is widening of the commissure, and thickening of the free margin of 
the aortic cusps. 


edge shows a peculiar cord-like thickening quite unlike that seen in 
any other form of endocarditis. (2) There is a widening of the com- , 
missure, i. e,, a separation of the cusps at the point where normally 
they should meet, as if a wedge of tissue had been forced between each 
pair. The infection has evidently extended into the valve from the 
aortic wall, and the central part of the cusps is the least affected. 

The microscopic picture is that of a periarteritis and mesaortitis with 
secondary changes in the intima. The earliest change is in the adven- 
titia in the form of masses and linear streaks of lymphocytes and plasma 
cells. (Fig. 17G.) These are collected round the vasa vasorum, owing 
to the distribution of the spirochetes in the perivascular lymphatics. 
The vasa vasorum normally penetrate only the outer third of the meilia 
but the spirochetes stimulate them to grow and branch so that they 
invade the whole thickness of the media. This is associated Nvith 
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fibroblastic proliferation and marked fibrous overgrowth of the intima 
which later becomes hyaline. The infection spreads into the media 
where there are foci of inflammatory cells, necrosis, and extensive 
destruction of the elastic tissue. It is the mesaortitis which is the most 
serious part of the disease, because with destruction of the elastic tissue 
the aorta loses its resiliency and either undergoes a general dilatation 
or develops an aneurism. New capillaries are formed which pass far 
into the media. The necrotic material is replaced by scar tissue. It is 
the contraction of this scar tissue which gives rise to the characteristic 
wrinkling seen on the inner surface, so that the wrinkling is naturally 
a late phenomenon. 



Fkj. 170. Syphilitic aortitis. A linear collection of inflammatory cells at the junction, 
of media and adventitia. X 100. 

Relation of Symptoms to Lesions. — The substernal pain is probably due to 
inflammation of the tissue at the root of the aorta. The destruction of elastic 
tissue and loss of elasticity may cause either general dilatation of the thoracic 
aorta as shown in the roentgen-ray picture, or the local dilatation known as 
an aneurism. Symptoms of coronary occlusion and even sudden death may 
be caused by closure of the openings of the coronary arteries by plaques of 
thickened intima. The three groat dangers of syphilitic aortitis are: (1) 
aortic incompetence (the commonest), (2) stenosis of the coronaries, and 
(3) aneurism. 

Syphilitic Arteritis.— This is best seen in the central nervous system 
in the small arteries of the meninges and the vessels at the base of the 
brain. The lesion is both a periarteritis and an endarteritis. (Fig. 177.) 
As the spirochetes are in the lymphatics of the adventitia, the vessel 
is surrounded by a mantle of lymphocytes and plasma cells. There 
is some atrophy of the media, but this is not an important lesion. The 
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intima shows a marked uniform thickening with great narrowing of 
the lumen, an endarteritis obliterans, quite different from the patchy 
atheroma which often affects these vessels. The narrowing of the 
lumen is apt to lead to thrombosis and cerebral softening. There is 
no relation between syphilitic arteritis and either aneurism or hemor- 
rhage as is commonly supposed, for the thickened vessel is not weak- 
ened in one spot as it is by a patch of atheromatous degeneration. As 
the infection dies out the arteries become sclerosed and stiff, and have 
been likened to macaroni. 



Fig. 177. — Syphilitic endarteritis of basilar artery, showing uniform thickening of the 
inner coat and thickened internal elastic lamina (elastic tissue stain) . 

Rheumatic Aortitis.— The lesion is similar to that produced by 
syphilis, but much less marked in degree. Definite rheumatic nodules 
(Aschoff bodies) may be formed in the adventitia, but usually there 
are merely collections of lymphocytes and plasma cells around the vasa 
vasorum in the adventitia and to a lesser degree in the media together 
with a few large cells of the Aschoff type. The damage to the media 
is slight compared with that produced by syphilis and the lesion does 
not appear to be a factor in aneurism formation. 

Rheumatic Arteritis. — The visceral vessels may show very characteristic 
lesions first described by von Glahn and Pappenheimer. These lesions may 
occur in the arteries of the lung, kidney, pancreas, ovary and testicle. The 
lesion is a panarteritis, all the coats being involved. (Fig. 178.) The wall is 
filled with an inflammatory exudate containing muoh fibrin, so that it is much 
thickened. Around the vessel there is a peculiar exudate composed of mono- 
nuclear cells the nuclei of which arc strangely compressed and elongated, 
together with some polymorphonuclear leucocytes. The most remarkable 
feature is the subsequent vascularization of the damaged wall; new capillaries 
are formed in the wall so that the original lumen is surrounded by spongy 
vascular tissue. There is no thrombosis, so that the lesions do not injure the 
parts supplied by the vessels inv(jlved. In rheumatic fever the coronary arteries 
may show a severe exudative and necrotizing arteritis involving all the coats. 
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Tn inactive cases the smaller branches of the coronaries may present prolifera- 
tion of the fibrous and elastic tissue resembling that of arteriosclerosis, but 
occurring at an earlier age. 



Fig. 178.— Vascular lesion in rheumatic fever. Great thickening of the inner coat, and 
infiltration of all tlie coats by inflammatory cells. X 200. 

THROMBO-ANCnnS OBUTERANS 

This remarkable condition is often called Buerger’s disease, because 
it was Buerger who first recognized that the lesion was an inflamma- 
tion of the wall with resulting thrombosis, and not a degenerathe 
thickening of the intima allied to arteriosclerosis, as used to be thought, 
'^rhe symptoms arc not due to the active disease but to the after-effects 
which develop in the chronic stage. The acute stage is rarely seen 
by the pathologist, so that he is apt to get a very erroneous and one- 
sided idea of the process. 

The sex incidence is striking, for the disease is practically confined 
to men, although cases in women are now being reported. The race 
incidence, though also striking, is less extreme. In North America it 
is usually seen in young Russian and Polish Jews, but Gentiles may 
also suffer and even Scotsmen are not immune. It is a disease of young 
adult life. The lesions are usually in the vessels of the legs, but the 
arms may also be affected, sometimes exclusively. 

The cause is unknown, but is usually considered to be bacterial in 
nature. Non-hemolytic streptococci have been found in the blood, 
and injection of these bacteria into sites adjacent to the femoral 
vessels has reproduced the disease in rabbits; a similar result is obtained 
by embedding segments of diseased human arteries alongside the 
femoral vessels (Horton and Dorsey). A surgeon who pricked his 
finger with a spicule of bone when amputating the leg in a case of 
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Buerger’s disease subsequently developed characteristic lesions in the 
digital arteries of the injured hand. The excessive use of tobacco, 
especially cigarettes, has long been added by clinical observers to such 
factors as sex, race and age. The work of Sulzberger supports this 
idea. As a result of observations with the patch skin test he came 
to the conclusion that a large majority of patients suffering from 
this disease were hypersensitive to tobacco proteins, although not 
to nicotine itself. Allergic reactions may produce necrosis, and this 
may lead to aseptic inflammation. It has been suggested, though on 
rather insufiicient evidence, that chronic typhus infection may play a 
part. It is probable that more than one exciting factor may be capable 
of producing the lesions in those who by race, sex and possibly heredity 
have predisposed vascular tissues. 

Symptoms.— In the acute stage there are usually no symptoms, but there 
may be red and painful spots which last about a week due to a migrating 
phlebitis in the superficial veins of the leg. The first symptoms are usually 
indefinite pains in one foot or cramp-like pains in the calf after walking a 
short distance, a condition known as intermittent claudication (clamiicarey to 
limp). No pulse can be felt at the ankle. When the foot hangs down it becomes 
bright red (erythromelia) and throbs painfully. When the foot is raised it 
becomes more blanched than normally. Later in the disease trophic disturb- 
ances appear in the form of ulcers and gangrene of the feet. The formation 
of trophic ulcers is often accompanied by excruciating pain, and suicide is not 
an uncommon termination of this distressing disease. 

Lesions. “The acute lesions are only likely to be seen if the super- 
ficial vessels are excised in the acute stage (migrating phlebitis). The 
media and adventitia are invaded by polymorphonuclear leucocytes 
and so is the perivascular tissue. Both arteries and veins are involved. 
There is an arteritis and periarteritis, a phlebitis and periphlebitis. 
Only a segment of the vessel is involved, but this segment may be 
short or long. Thrombosis occurs in the inflamed segment, with 
occlusion of the lumen. The clot may contain foci of polymorphonu- 
clears or of endothelial cells and foreign body giant cells. 

The chronic lesions are those seen when the leg is amputated for 
gangrene months or years later. All signs of active inflammation has 
disappeared, and artery, veins, and nerves arc bound together in a 
dense mass of fibrous tissue. The clot has become organized and 
converted into fiVjrous tissue, and there is no sign of the original lumen. 
(Fig. 179.) New vascular channels lined by endothelium are formed 
in the fibrous mass, so that the lesion is often mistaken for a mere 
thickening of the intima, an endarteritis obliterans. Thickening of the 
elastic tissue, both internal and external is a striking feature. There 
is no calcification, so that the vessel throws no shadow in the roentgen- 
ray picture. 

Relation of Symptoms to Lesions.— The symptoms are due to loss of the 
peripheral blood supply or to disturbances of the collateral circulation which 
is set up. The prognosis depends on the extent to which the collateral circula- 
tion can be established, and modern methods of treatment are directed to the 
encouragement of this circulation. The crarnp-like pains in the muscles are 



THROMBO-ANGIITIS OBLITERANS • 397 

due to the painful spasm which accompanies an insufficient blood supply 
when the muscle is in a stete of activity. The flushing of the foot when it 
hangs down and its blanching when elevated is due to loss of vasomotor con- 
trol, the nerves in the periadventitial tissue being involved in the inflammatory 
and sclerotic process. The trophic lesions may be due to a similar cause, a 
view supported by the fact that when the affected segment of vessel is resected 
the trophic lesions may heal quickly and permanently (Leriche). 



lia. 179. Thrombo-angiitis obliterans. The lumen is closed by fibrous tissue which 
is partially canalized. Hypertrophy of elastica. Elastic tissue stain. X 40. 

Periarteritis Nodosa.— This is a rare inflammatory disease of arteries, much 
more acute in type than thrombo-angiitis obliterans, and affecting the visceral 
vessels rather than those of the limbs. The cause is unknown, but it is not 
unlikely that the disease represents an anaphylactic type of hypersensitivity. 
The very widespread character of the lesions is in favor of this idea, and also 
the fact that periarteritic lesions have been found in a number of cases of 
scrum sickness and hypersensitiveness to sulphonamides. Rich has reported 
« series of such cases, and has succeeded in producing diffuse periarteritis 
nodosa experimentally by establishing in rabbits a condition analogous to 
serum sickness in man. 

Symptoms.— The disease runs an acute course with fever, prostration, 
sweating and loss of weight, usually ending fatally in the course of a few w^eeks. 
The symptoms are extremely varied, because vessels in almost any organ may 
be involved. This complex symptomatology, corresponding to no system 
disease, may itself suggest a correct diagnosis. A moderate increase in the 
eosinophils of the blood often confirms the diagnosis. 

Lesions . — The principal vessels affected are those of the gastro-intestinal 
tract (mesenteric and celiac axis), the kidney and the heart, but the brain, 
lungs and skin may also be involved. The name is misleading, for the lesion 
is a panarteritis rather than a periarteritiS; and in my experience most of the 
cases fail to show the ^‘nodosa'' feature. This term indicates the presence of 
small inflammatory nodules scattered along the artery like peEis in a pod. 
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There may be hundreds of these nodules on the mesenteric vessels. The 
adventitia and media are infiltrated with polymorphonuclear leucocytes and 
there is extensive necrosis, as a result of which multiple aneurisms are formed. 
(Fig. 180.) Many of the nodules are really small mycotic aneurisms. The 
intima is also involved, so that thrombosis is common, and small infarcts are 
produced in the heart, kidney and other organs. 



Fig. 180 . — Periarteritis nodosa. All the coats of the vessel are infiltrated by 
infiammatory cells. X 80. 


The disease usually runs a rapidly fatal course, but it may be of more 
subacute type, ending up as healed periarteritis iwdosa. This produces a clinical 
picture of great complexity based on multiple chronic ischemic lesions. Autopsy 
may reveal contracted kidneys, coronary occlusion, myocardial scars, hepar 
lobatum, atrophy of adrenals and pancreas, etc. 

There may be acute abdominal symptoms due to involvement of the mesen- 
teric arteries, acute cardiac symptoms from coronary artery involvement, 
muscular pains simulating myositis or trichinosis, etc. Neuritic pains are 
common; they are due to lesions of the pcrij)hcral nerves (Kernohan and 
Woltman). Death is often due to a ruptured aneurism. In the healed stage 
the symptoms will be those of ischemic sclerotic lesions of the heart, kid- 
neys, etc. 

Temporal Arteritis. — This condition, first described by Horton, Magath 
and Brown in 1932, is a chronic inflammatory process involving the temporal 
arteries of elderly persons, but extending to the arteries of the scalp and face. 
The vessels can be felt as cord-like swellings. Cooke and his associates have 
shown that, whilst the name is conveniently descriptive, the lesions are by 
no means confined to the temporal arteries, and may involve also the aorta, 
radial, subclavian, femoral, coronary, renal, mesenteric, and retinal arteries. 
The inflammation appears to spread from the adventitia to the media. The 
walls of the vessels are thickened and thrombosis is common. Foreign body 
giant cells have been described in some cases and eosinophils in others. 

The onset of the illness is marked by malaise, myalgia and arthralgia, 
anorexia, and loss of weight. After some months more localized symptoms 
appear, especially severe headache, mental confusion, and visual disturbance 
which may end in blindness. There may be symptoms suggesting generalized 
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arterial disease. A variable degree of fever is often present. The disease is 
self-limited, but owing to its generalized nature it may end fatally. 

The etiology is unknown. It will be seen that the condition bears a close 
resemblance to such generalized arterial diseases as periarteritis nodosa and 
Buerger^s disease, in both of which the inflammation may be allergic in char- 
acter. 

Disseminated Lupus Erythematosus.— In 1923 Libman and Sacks described 
an atypical verrucous endocarditis characterized by thrombotic non-bacterial 
flat vegetations resembling those of subacute bacterial endocarditis and asso- 
ciated with an acute type of lupus erythematosus. Gradually there has arisen 
a concept of a syndrome or disease characterized by a multiplicity of skin 
and visceral lesions, in particular some form of nephritis, the Libman-Sacks 
type of endocarditis (in less than half the cases), enlargement of lymph nodes 
and spleen, and various kinds of pneumonia. Ilyperglobulinemia is a constant 
feature. In typical cases the initial skin lesion is a butterfly erythematous 
patch across the bridge of the nose which spreads rapidly. The course may 
be short and stormy (death in six to eight weeks), or chronic with acute exacer- 
bations. Fever and leuco]>enia are common. The patient presents a toxic 
appearance, and frequently looks more ill than the clinical data seem to justify. 
The etiology is lanknown, but is commonly supposed to be septic infection in 
a previously sensitized individual. 

The lesions are widespread in many organs, and are particularly marked 
in the vessels, in these respects resembling periarteritis nodosa. Indeed it 
has been suggested that there is a relationship between the two conditions. 
But in disseminated lupus erythematosus the lesions are mainly degenerative 
rather than inflammatory, they involve the arterioles and capillaries, and they 
are not confined to the vascular tree. The disease is therefore quite distinct 
from periarteritis nodosa. Klemperer and his associates point out that the 
common idea that the essence of the disease is a generalized arterio-capillary 
thrombosis is erroneous. The basic lesion is a widespread fibrinoid degenera- 
tion of collagen, to which may be added a minor degree of reactive inflamma- 
tion. (Fibrinoid degeneration is so-called because it results in the formation 
of a substance which resembles canalized fibrin.) 

For descriptive purposes the principal lesions are cardiac, renal, vascular, 
and cutaneous. In the heart the striking gross lesion may be the flat warty 
vegetations of the Libman-Sacks type extending on to the mural endocardium. 
Microscopically the basic lesion is fibrinoid degeneration of the connective 
tissue of the endocardium, myocardium and pericardium. In the kidney the 
characteristic microscopic lesions are in the glomerular tufts: (1) the so-called 
“wire loop capillaries,'^ (2) focal necrosis of the tuft. The wire loop appearance 
is due to thickening of the basement membrane of the capillaries giving a 
resemblance to bent wire similar to that of early amyloidosis. An appearance 
suggesting hyaline thrombi in the capillaries is probably due to protrusion 
into the lumen of the fibrinoid material in the vessel wall; true thrombosis is 
rare. The vascular lesions are most common and severe in the kidneys, but 
they may be present in any organ in the body. In advanced cases there may 
be complete fibrinoid necrosis of all the coats of the arterioles. Marked thick- 
ening of the intima may cause great narrowing of the lumen. A fulminating 
necrosis may call forth an inflammatory cellular reaction (lymphocytes, plasma 
cells, a few polymorphonuclears). In the skin fibrinoid degeneration occurs 
in the upper layer of the corium involving both collagenous fibers and ground 
substance. The arterioles and capillaries show the usual changes. 

Endarteritis Obliterans.— This is not a separate entity due to a 
single cause, but a group of conditions in which the chief feature is a 
thickening of the intima with narrowing or even obliteration of the 
lumen. The change may be physiological, as in closure of the hypo- 
gastric vessels and the ductus arteriosus. It is seen in the involution 
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of old age, especially in the female reproductive organs when they 
have ceased to function (uterus, ovaries, breast). In organizing granu- 
lation tissue the vessels are closed by the same process. A marked 
degree of obliterating endarteritis is seen in the neighborhood of many 
chronic inflammatory foci, e. g., gastric ulcer. In syphilis of the small 
arteries endarteritis is one of the chief features. In all of these cases 
the thickening is due to a proliferation of the subendothelial connective 
tissue. 

Ayerza’s Disease.— This is a form of endarteritis obliterans affecting the 
smaller branches of the pulmonary artery. The patients were called ‘‘black 
cardiacs*' by Ayerza because of the very marked cyanosis. The chief symptoms 
are dyspnea, chronic cyanosis, and compensatory erythrocytosis (polycy- 
themia). The red cells may number 10,000,000. Owing to the increased 
resistance in the pulmonary circulation the right side of the heart is much 
enlarged. 

The essential lesion is a pulmonary endarteritis. The main branches of the 
artery are dilated and sclerosed, but the chief change is in the small arteries 
and arterioles. These show an endarteritis obliterans, with marked thickening 
of the intima and great narrowing of the lumen. Thrombosis is common. 
The exact cause is uncertain; indeed, it is doubtful if there is a single cause. 
Some cases may be syphilitic. A similar clinical picture with cyanosis and 
compensatory erythrocytosis may be seen in cases of extreme emphysema and 
in very marked fibrosis of the lungs, the result of dust irritation, but it seems 
better to preserve Ayerza's disease as a separate entity rather than to merge 
it with these other conditions, as is done by some writers. 

ARTERIOSCLEROSIS 

The term arteriosclerosis is used in different senses by different 
writers. To the majority it is synonymous with atherosclerosis, 
although the standard medical dictionaries do not recognize this 
identity; to a few it means the diffuse sclerotic form of arterial disease; 
and to still others, with whom I agree, it signifies an omnibus term 
which includes a variety of conditions not necessarily related to one 
another. The inevitable result is great confusion. This is well illus- 
trated by the fact that in the book on Arteriosclerosis edited by 
Cowdry, some of the contributors adopt one view, and some another. 
If arteriosclerosis is the same as atherosclerosis, then either one or 
the other term should be dropped. It seems better for the present to 
use arteriosclerosis in a broad sense to include a variety of non-inflam- 
matory forms of arterial disease which may or may not have a common 
etiology. 

Three main forms may be distinguished, which differ sharply in 
microscopic appearance and in some degree in distribution. These 
are; (1) atherosclerosis, a patchy lipoidal degeneration of the intuna, 
by far the commonest and most important of the three; (2) medial 
calcification, commonly called Monckeberg's degeneration; and (3) 
diffuse arteriolar sclerosis, a degenerative thickening of the intima of 
the smaller visceral arteries which may assume more than one form. 
Medial fibrosis of the medium sized arteries is common in persons over 
middle age. Collagenous thickening of the intima (endarteritis oblit- 
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erans) may cause so marked a narrowing of the lumen of the smaller 
arteries of the extremities in the later period of life as to lead to gan- 
grene. 


1. Atherosclerosis. — Atherosclerosis or atheroma is a nodular type 
of arteriosclerosis which affects the large arteries, especially the aorta, 
and the small arteries, particularly 


the coronaries and cerebrals. It 
is the fact that these arteries 
supply the myocardium and the 
brain, and that this is the only 
form of arteriosclerosis which 
commonly predisposes to throm- 
bosis, which lends to atheroma 
a sinister significance. The 
medium-sized arteries of the 
muscular type are not so liable 
to the disease. 

Lesions.— The gross appearance 
is most readily studied in the 
a(»rta. The most severe changes 
are seen in the abdominal aorta, 
especially in elderly persons; 
they are more marked in the 
descending than the ascending 
thoracic aorta. Thus the distri- 
bution of the lesions is the re- 
\'erse of that seen in syphilis. 
They are especially marked 
around the mouths of the inter- 
costal and lujnbar arteries. The 
earliest change takes the form 
of yellow streaks in the intima 
representing deposits of fat. Such 
fatty streaks may be seen in 
young people after an attaek of 
one of the infectious fevers. In 
such persons it seems probable 
that the lipend deposits may be 



absorbed and that the lesions 
may never progress to tiue 
atheroma, so that a distinction 


Fig. ISl. — Atheroma of abdominal aorta. 
Thiekened patches surround the openings of 
the lumbar arteries and there is much ulcer- 
ation. (From Boyd's Surgical Pathology.) 


may be drawn between the athe- 
romatosis of youth and the atherosclerosis of advancing years. The 
intima over the fatty pateh becomes raised and at the same time 
thickened, so that the yellow color of the underlying material is no 
longer visible and the plaque becomes pearly and looks as if a drop 
of wax had fallen on the lining of the aorta. The patch contains 
a soft, yellow, porridge-like material from which the disease takes its 
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name {athere, gruel) . The process of atheromatous softening may reach 
the surface, and the pultaceous material is then discharged into the 
luraen of the vessel and an atheromatous ulcer is formed. (Fig. 181.) 
A thrombus may be formed on the smfaceof the ulcer which sometimes 
forms the starting-point of an embolus. Calcihcation of the lesion is 
very common, since lime salts are readily deposited in fatty material, 
and in advanced cases the wall of the aorta is converted into a calcareous 
tube which is cracked in places as readily as a shell. Blood may pene- 
trate through these cracks and separate the layers of the wall. The more 
advanced the age of the patient, the more likely is there to be marked 
calcification, especially in the lower part of the abdominal aorta. To 
sum up, the main features are: (1) fatty streaks, (2) wax-like plaques 
of heaped-up intima, (3) atlieromatous ulcers, and (4) calcification. 

In the small arteries such as the coronaries and cerebrals the chief 
characteristic of the lesions is their patchiness. Yellow nodules are 
seen both on the outer and inner surfaces of the arteries in the circle 
of Willis, etc. In these small vessels the nodules may cause serious 
narrowing or even complete occlusion of the lumen. This, for instance, 
is the chief cause of gradual coronary artery occlusion. The aorta is 
so wide that the nodules can have no appreciable effect on its lumen. 

The chief microscoyic lesion is in the intima. There is first a deposit 
of lipoids, chiefly cholesterol ester, in the deepest part of the intima. 
Some of the connective-tissue cells may be loaded with fat. The 
change gradually extends from the deeper part of the intima to the 
surface. At the same time there is a thickening t)f the connective 
tissue of the intima overlying the fatty area, L e,, the sclerotic part of 
the atherosclerotic process. This new tissue becomes hyaline so that 
no cells can be seen in it. The deeper part of the lesion consists of a 
kind of pulp in which the cholesterol ester is broken up into crystals of 
cholesterol which appear in paraffin sections as needle-like clefts. In 
frozen sections the lipoid can be stained wdth Sudan and other stains 
for fat. Calcium salts are deposited in the fatty material and appear 
as fine granules stained dark blue with hematoxylin. The same change 
is seen in the small arteries, but here the internal clastic lamina tends 
to be broken up into strands, some of which pass superficial and some 
deep to the lesion, uniting on the far side. 

It used to be thought that degenerative changes in the media were 
primary, and those in the intima merely secondary (Thoma). This 
view, for long out of fashion, is beginning again to attract attention. 
Blumenthal and his associates have shown by means of micro-incinera- 
tion that the bluish granular material wdiich is so familiar a feature in 
the media of the aorta in old persons is calcium. They found, more- 
over, that micro-incineration was a more sensitive indicator of calcium 
than staining with hematoxylin. The calcium appears to be deposited 
in the elastic fibers, so that calcification is proportional to loss of 
elasticity. Syphilitic aortitis, in which the elastic fibers are destroyed, 
is not associated with medial calcification. Such calcification appears 



ARTERIOSCLEROSIS 


403 


to precede the formation of atheromatous plaques in the intima, and 
it occurs more frequently than do the plaques. 

The media may show some atrophy deep to the intimal plaque. 
In the aorta this is slight, but in the small vessels it may be extreme 
in degree, because the blood-pressure forces the intimal plaque outward 
producing secondary atrophy of the media. 

EfEect on the Vessels. —The elasticity of the aorta is impaired and 
it becomes widened, particularly in old people. At the same time it, is 
elongated, so that it pursues a tortuous course. There is none of the 
extreme destruction of the media and adventitia seen in syphilis, so 
that aneurism is a rare sequel, but it may occur. In the small vessels 
there may be great narrowing of the lumen (Fig. 182) with softening 



Fig. 182. — Atheroma of a cerebral vessel. The thickened intima shows degeneration 
in its deeper layers, and tliere is some atrophy of the media underlying tha thickened 
plaque. X 125. 

of the brain and necrosis and scarring of the myocardium. An athero- 
matous patch on a cerebral vessel is a source of weakness, and is a 
very common cause of cerebral hemorrhage, and also of cerebral 
thrombosis. It may lead to the formation of a Small aneurism owing 
to involvement of the internal elastic lamina by the atheromatous 
process. 

Etiology.— The etiology of atherosclerosis is of prime importance if 
anything is to be done to prevent this common -disability of declining 
years, but in spite of a vast amount of work the problem remains 
unsolved. The essential lesion is the accumulation of lipoid, mainly 
cholesterol and its esters, in the intima. As to the significance of this 
accumulation there are two views: (1) that intimal degeneration is 
primary and deposition of lipoids secondary ; (2) that lipoids are first 
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deposited, the degeneration being secondary. The available evidence 
seems to support the former view. 

From the work of Bloor and others it would appear that cholesterol 
is concerned with the transport of fatty acids to the cells for utilization. 
It is probable that the union of cholesterol and fatty acids (esterifica- 
tion) occurs in the intestine, that transport to the tissues takes place in 
the form of ester, and that in the tissues the fatty acid is split from the 
cholesterol (hydrolysis) by means of an enzyme system (esterase). 
The fatty acid is then utilized by the cells and the cholesterol is re- 
moved. Theoretically this mechanism might be upset in two ways: 
(1) if cholesterol esters are present in too great amount in the blood, 
the enzyme system may be inadequate so that lipoid accumulates in 
the tissues; (2) if the enzyme system itself breaks down, similar lipoid 
accumulation may occur. 

Aschoff revived Virchow’s original conception that atheroma is 
due to an imbibition of plasma by damaged intima with consequent 
deposition of lipoid in the ground substance. It is probable that under 
normal conditions plasma is continually passing into the intima either 
through the endothelium or by way of fine vascular channels. In 
some cases overloading of the intima with lipoids is probably due to 
hyperlipemia, as in the atheroma which so frequently complicates 
diabetes even in young persons. Anitschkow produced atheromatous 
deposits in the aorta of rabbits by feeding them a diet high in choles- 
terol. Leary succeeded in reproducing with remarkable exactness the 
lesions of human atherosclerosis in the coronary arteries of rabbits by 
feeding them with cholesterol for long periods. Duff points out in an 
able critical review that the results of cholesterol feeding in rabbits 
afford no grounds for the belief that human atherosclerosis is related 
to high cholesterol in the diet or to hypercholesterolemia. The normal 
blood cholesterol of the rabbit is low and is markedly raised by the 
administration of cholesterol, whereas in man the normal level is high. 
The effect on the intima will therefore be very different in the two 
cases. Experimental cholesterol atheroma cannot be produced in dogs 
and cats, so that there exists a sharp species difference in experimental 
animals. This may be due in part to the fact that the herbivorous 
rabbit is unable to metabolize cholesterol, whereas the omnivorous 
cat and dog possess this capacity. It is also possible, as suggested by 
JMcArthur, that the species difference lies in the capacity of the enzyme 
system in the arterial wall. If this system is inadequate to deal with 
the lipoids presented to it, the latter cannot fail to accumulate in the 
intima. 

In the vast majority of cases of human atheroma there is no evidence 
of hypercholesterolemia, although diabetes, nephrosis, etc., offer exce]'- 
tions to this rule. Although some workers believe that a high choles- 
terol content in the diet is the e.ssential etiological factor (Leary and 
others), it appears more probable that the fault lies within the arterial 
wall. In this respect atheroma is analogous to cholesterolosis of the 
gall bladder. 
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Various factors may be responsible for interference with the ester- 
splitting mechanism. Of these factors age, heredity and strain, par- 
ticularly hypertension, deserve consideration. (1) Atherosclerosis is a 
degenerative process associated with advancing years which in one 
way seems as natural as the graying of the hair. It is the end of a song 
that is sung in the cradle. As Clifford Allbutt remarks: “It cannot be 
supposed that the stealthy hours carry away no qualities of tissue, no 
quantities of energy.” The older the person the more likely is there to 
be marked atheroma. But in persons over eighty years of age the 
aorta may show hardly a trace of atheroma, whereas it may be present 
in the young. It is possible that it is the elastic fibers of the media 
which arc damaged by the ageing process, and that the loss of elasticity 
may lead to degeneration of the intima. The fine vessels supplying 
the deeper layer of the intima have no muscular coat, and arc dependent 
on the contractility of the aorta for a continous flow of blood through 
their channels. (2) Heredity certainly plays a part. jMortensen, in an 
analysis of 300 cases of atherosclerosis, found a family history in 07.5 
per cent, and many of the remainder did not know the cause of death of 
their ancestors. O’Hare obtained a positive family history in 68 per 
cent of cases. One patient, whose father died of apoplexy and mother 
of cardiovascular-renal disease, had 9 brothers and sisters all of whf)in 
had died of apoplexy, and he himself had already had a stroke. (3) 
Hypertension is a difficult factor to assess, because it is common in the 
same age period as atheroma, and the association may be incidental 
rather than causal. Moreover, different sites must be considered 
separately. No accurate statistical data are available, but the follow- 
ing generalization ai)pears justifiable: no causal connection in atheroma 
of the aorta, frequently connection in coronary atheroma, probable 
connection in cerebral atheroma. Goldblatt has never seen atheroma 
of the aorta in hypertensive dogs. It must be admitted that a num- 
ber of facts, mostly related to local strain, may be cited against the 
above statement. In coarctation of the aorta in young people there 
may be marked atheroma above the point of narrowing, and lesser 
d(‘grees are common in the pulmonary artery in mitral stenosis. Pro- 
longed experimental hypertension in the rabbit (an unsatisfactory 
animal for atheroma experiments) leads to the formation of athero- 
matous plaques in the aorta (Dill and Iscnhour). In these cases 
there is no elevation of the blood cholesterol. Aortic lesions are 
nearly always most pronounced at points which may be considered 
specially subject to strain, such as the bifurcation of the aorta and 
the sites of origin of the intercostal and lumbar arteries. Winternitz 
believes tluit atheroma is closely associated with interference with 
the blood supply of subintimal areas by injury to the vasa vasormn 
which enter this region. Syphilitic aortitis is frequently accompanied 
by atheroma, but the latter condition is much more marked in the 
wall of an aneurism. The stretching of the wall seems to cause tissue 
damage which allows accumulation of lipoids in the intima. Wilens 
found that the application of cylindrical silver cuffs to the femoral 
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and carotid arteries of rabbits, followed by cholesterol feeding, led to 
localization of lipoids in the intima at the points of pressure. 

The esterase mechanism may be under chemical or hormonal con- 
trol. This is suggested by the fact that the cholesterolosis of the aorta 
produced in rabbits by feeding cholesterol is prevented by the adminis- 
tration not only of thyroid gland, but also of iodine. It is said that 
thyroidectomy causes marked increase in the blood cholesterol, and it 
is well known that the level is high in myxedema. The incidence of 
atheroma in Iceland is remarkably low (Dungal), and it has been sug- 
gested that this may be due to the abundant iodine supply in the food, 
soil and air of that country. Atheroma is also very uncommon in 
China, as are other conditions involving disturbance of lipoid metabo- 
lism. The facts of geographic pathology are always of interest, but 
fact must be distinguished from theory, and it is wise not to let fancy 
run too free in suggesting explanations. Possibly the temporary 
lipoid deposits in the intima which are met with in adolescence may be 
due to transient inhibition of esterase due to hormonal imbalance. 

The deposited cholesterol and cholesterol ester are taken up by 
phagocytes, which become pale, swollen, vacuolated “lipoid cells.” 
Cholesterol, like silica, may remain as an inert substance in the tissues 
and act as a chronic stimulant to fibroblasts with consequent fibrosis. 
Leary has shown that cirrhosis of the liver develops in the rabbit as the 
result of feeding with cholesterol. It is highly probable, therefore, that 
deposition of lipoid in a damaged intima represents the primary factor 
in the pnxluction of atherosclerosis, the sclerosis being a secondary 
phenomenon. 

In the discussion of coronary atherosclerosis reference has already 
been made to Duguid’s suggestion that some of the lesions may repre- 
sent organization of a thrombus which becomes incorporated with the 
intima with subsequent fatty degeneration (page 3711). This is a 
revival of a theory advanced by Rokitansky nearly one hundred years 
ago. 

Further discussion of the etiology of atheroma will be found in the 
papers of Pjigc, Duff, and Leary. 

2. Medial Sclerosis of Monckeberg.— This is the type of arterio- 
sclerosis which is observed by the clinician when he feels the arteries, 
for it is the vessels of the limbs, arteries of the muscular type, which 
are affected. The pipe-stem radials, the tortuous and prominent tem- 
porals, belong to this class. 4'he condition is a senile degenerative 
change with no relation to high blood-pressure, although the long- 
continued administration of adrenalin in animals leads to calcification 
of the media. In these respects it resembles atheroma. The two 
lesions may both be present in the same artery. What relation, if 
any, it bears to atheroma it is not safe at present to say. The arteries 
most affected are the femoral, popliteal, the radial just above the 
wrist, and the parietal vessels such as the gluteal and pudendal. The 
visceral arteries (mesenteric, etc.) are seldom involved, but typical 
examples may be seen in the uterus and ovary in old persons. 
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Lesions. It is probable that the first change is fatty degeneration 
of the media. Calcium is then deposited in the degenerated tissue, 
and the vessel becomes hard and brittle. 

The chief microscopic change is in the media. (Fig 183.) Tlie 
muscle fibers undergo fatty changes with degeneration, fragmentation, 
and the deposition of lime salt. These may be in the form of fine 
granules or large masses. Bone containing bone-marrow has some- 
times been observed. The other coats are often normal, in which case 
there will be no narrtjwing of the lumen. Atheroma is often add^, 
and this may produce marked occlusion, a change seen in senile and 
diabetic g.angrene of the leg. 



Fid. 183. — Monckeberg’s sclerosis of ovarian vessels. In the media of three of the 
arterie.s there is a large deposit and in the fourth a small deposit of lime .salts. X lb. 

Medionecrosis of the Aorta. —With advancing: years the aorta often develops 
a basopliilic mucin-like substance in the interstitial tissue of the media which 
stains blue with licmatoxylin and red with thionin and polychrome methylene 
blue, so that it has been called the chromatropic substance. (Fijr. 184.) This 
substance may repla(!e the lamella' of elastic and muscular tissue to a con- 
siderable extent, and focal necrosis may develop in these areas of chromatropic 
or mucinous degeneration, especially in the inner and middle thirds of the 
wall. (Vst formation may occur in these necrotic patches, the idiopathic 
cystic medionecrosis of the aorta first described by Erdheim. The importance 
of the condition lies in the fact that it is the chief lesion found in the rare 
cases of spontaneous rupture of the aorta, and it probably plays a part in the 
development of dissecting aneurism of the aorta. 

3. Diffuse Arteriolar Sclerosis.— This form of arterial degeneration 
is also called arteriolosclerosis and diffuse hyperplastic sclerosis. The 
term arteriole is vague and not susceptible of strict definition. In 
the present connection it is used to indicate the smaller arteries of the 
viscera, the intimate vasculature, vessels 100 microns in diameter or 
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less. The lesions are not all of one type, but in general they cause 
thickening of the wall and narrowing of the lumen. Arteriolar sclerosis 
may be widespread, but is most i^requent in the spleen, pancreas, kidney 
and adrenal. The arteries involved are of a smaller order than the 
“small’" arteries affected by atheroma, e. g.^ coronary and cerebral 
vessels. 

Hypertension and the aging process seem to be the two principal 
etiological factors. That hypertension is a causal agent is indicated 
by the fact that identical lesions are found in the experimental hyper- 
tensive animal. On the other 
hand similar lesions, although 
usually less pronounced, may 
be present in persons without 
hypertension, especially in the 
aged. Hypertension appears to 
accentuate and speed up a normal 
wear-and-tear degenerative pro- 
cess. 

It is in hypertension that the 
lesions are best developed. Es- 
sential hypertension, which con- 
stitutes 90 per cent of all cases of 
hypertension, may be divided in- 
to so-called benign and malignant 
forms. The benign form is (*har- 
acterized by a gradual onset and 
a long-continued course often of 
many years. The malignant 
form, very much less common, is 
frequently of abrupt onset and 
runs a course measured in months 
rather than yf^ars. It often ends 
Avith renal failure (uremia), but 

not necessarily so. The lesions 

Fio. 184. — Medionecrosis of aorta, showing hypertensi\e ai tcriolosclerosis 

chromatropic substance. X 400. differ in the two forms, although 

the distinction between the two 
is not always as sharp as indicated here. In each form there may 
be two significant lesions. 

Benign Form. —The characteristic lesions are hyaline degeneration 
and elastic hyperplasia. Ilyalive degencratvm, the commonest mani- 
festation of arteriolosclerosis, is best seen in the smallest vessels, such 
as the afferent arterioles of the kidney, although not confined to these 
vessels. There is a sharply defined, smooth, acidophilic thickening 
of the subintimal tissue. In cf)urse of time the change may involve th(‘ 
entire thickness of the wall (Fig. 185), but some trace of nuclear 
structure usually remains. The appearance suggests an accumulation or 
deposition of hyaline material which leads to narrowing and in extreme 
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cases to complete obliteration of the lumen. In the spleen hyaline 
arteriolosclerosis is so common as to have no pathological significance. 
In the kidney it is almost invariably associated with hypertension, 
whereas in non-hypertensives the kidney is one of the organs least 
frequently involved. In no other organ is there this constant relation- 
ship between arteriolosclerosis and hypertension, but in such organs 
the lesions arc more frequent and more severe in persons with hyper- 
tension. Hypertension is, therefore, the most important causal factor, 
but, except in the case of the kidney, it is not an essential factor. 

Elastic hyperplasia^ sometimes called elastosis, is most marked in 
the larger arterioles and medium-sized arteries, but some degree of it 
cjin be seen even in the smallest vessels. The internal elastic lamina 
is split up into several layers, a process known as reduplication. (Fig. 
186.) There may also be proliferation of endothelial cells which 
become intermingled with the new clastic fibers. At first the elastosis 
is confined to the intima, causing narrowing of the lumen, but as time 
goes on both intima and media are seen to be composed largely of 
elastic fibers in sections stained to show that tissue. The muscular 
type of artery has become converted into the elastic type characteristic 
of large arteries such as the aorta which are designed to withstand 
great strain and are little more than passive conducting tubes. The 
amount of elastic tissue in the walls of an artery approximately cor- 
responds to the pressure of blood within it. 

Malignant Form.— In the malignant form of hypertension, in which 
the proc'ess has a quickened tempo and the vessels have less time to 
adapt themselves to increased strain, the characteristic lesions hi their 
ordcrof importance arc arteriolar necrosis and cellular hyperplasia. In 
arteriolar necrosis, also called necrotizing artcriolitis, the whole thickness 
of the vessel wall becomes necrotic and structureless. (Fig. 187.) The 
affected area stains diffusely red with eosin, and its limits are fuzzy and 
indistinct, as if it had been freshly painted and someone had smeared 
it with his thumb. This is in sharp contrast to the clean-cut smooth 
appearance of hyaline degeneration, in which sharply defined nuclei 
often persist. A rapid rise in blood-pressure is likely to lead to arteri- 
olonccrosis due to the sudden and severe mechanical strain and extreme 
vasoconstriction. The lesion can be produced in the course of a few 
days in the experimental animal. The necrotic wall often becomes 
infiltrated with red cells, and hemorrhage is common, especially in 
the brain. Aneiirismal dilatation can occur. Arteriolonecrosis is 
commonly seen in hypertension complicated by renal failure (uremia), 
and it is possible that tc^xic products in the blood may play a part 
in its production. Cellvlar hyperplasia connnonly call^ productive 
endarteritis and hyperplastic arteriolosclerosis, is a condition in which 
the walls of the arterioles are thickened by a concentric cellular pro- 
liferation, so that they may present an “onion-skin’’ appearance. {Vig. 
188.) The proliferation may be mainly subintimal, so as to ment the 
term endarteritis, but often the hyperplasia is most marked m the 
media, a natural response to the increased intravascular pressure. 
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Fio. 1S7. — Ai’teriolar necrosis. 
X 4;30. 


Malignant 


Fig. 188. — Cellular hyperplasia. 
X 340. 


Figs. 185, 180, 187, 188. — Arterial Changes in Hypertension. 
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Without an elastic tissue stain it may be impossible to distinguish the 
limits of the nucleated thickened intiina and the hyperplastic media. 
When the process is slower the nucleated appearance is lost and the new 
tissue becomes collagenous. Fatty degeneration may be marked in 
frozen sections. Elastic hyperplasia of the intima is not a special 
feature of the condition; such hyperplasia appears to be a reaction to 
gradually increasing and prolonged hypertension. It may, of course, 
be present in the medium-sized arteries of any one over middle age, 
but under these conditions it has no significance. 

For the sake of convenience these four lesions have been described 
separately. They may, however, be combined and intermingled, for 
the slow (benign) form may have an acute (malignant) termination. 
Similar arteriolar lesions are seen in the hypertension of glomerulo- 
nephritis. 

ANEURISMS 

An aneurism is a localized dilatation of an artery. 

Causes.- Every aneurism is caused by Aveakening of the arterial 
wall. As a rule, it is the media which is damaged. Syphilis is by far 
the most iiiii)ortant cause of aneurism of the large arteries, but exten- 
sive atheroma may be responsible for aneurism of the aorta in elderly 
persons. Syphilis seldom or never leads to aneurism formation in the 
small arteries, because in them the lesion is a diffuse thickening of the 
intima with little involvement of the media. An infected embolus 
will lead to suppuration of the vessel wall and destruction of the media 
so that an infective or mycotic aneurism is formed. Feriarteritis 
nodosa may weaken the vessel from the outside and lead to the forma- 
tion of multiple small aneurisms. Ififection from an abscess or a 
tuberculous focus may form the starting-point of an aneurism. Finally, 
congenital weakness of the media in the arteries at the base of the 
brain has been suggested as a cause of a congenital aneurism. 

Varieties.— A true aneurism is one in which the sac is formed by the 
wall of the vessel. 

A false aneurism is one in which the sac is formed by the surrounding 
tissues. It is caused by the rupture of a vessel, and is a hematoma 
rather than an aneurism. 

A fusiform aneurism is a dilatation of a segment of the vessel, and 
is seen in the aorta and its large braiic-hes. 

A saccular aneurism is a pouching of the vessel at one point. This 
is the usual form of aneurism. 

A traumatic aneurism is a false aneurism, a hematoma, formed by 
laceration of the vessel wall. 

All arteriovenous aneurism is an abnormal communication between 
an artery and a vein, usually due to simultaneous laceration of an 
adjoining artery and vein. It was common during the World War. 
The blood passes from the artery into the vein, and produces a local 
distention of the vein which pulsates as forcibly as the artery. 
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A congenital arterwvenans fistula is a direct “shunt” between an 
artery and a vein without the interpc^sition of capillaries. The blood 
passes forcibly into the vein, vhich becomes dilated (arteriovenous 
varix). The lesion is commonest in the le^, but may occur in the 
arm or the scalp; in the latter position, it forms a mass of dilated 
vessels known as a cirsoid aneurism. The clinical features are striking 
and make recognition easy: (1) higher blood-pressure and temper- 
ature in the affected limb; (2) increased circumference of the limb 
and the presence of bruits and thrills; (3) cardiac hypertrophy; (4) 

venous blood is redder on the 


affected side (pathognomonic) ; (5) 
* 1 roentgen-ray visualization of the 

fistula after the injection of thoro- 
trast (arteriography). 

A dissecting auenrism is not a 
true aneurism, i. e,, the vessel is 
not dilated. A hemorrhage occurs 
in the media of the aorta between 
the middle and outer thirds, com- 
mencing at the base and spreading 
along the vessel for a variable dis- 
tance, splitting the media into two 
layers in its passage. (Fig. 189.) 
The blood tends to encircle the 
aorta, and may pass along its 

entire length to the bifun:ation. 

In one of my cases the blood had 
dissected its way along the renal, 
splenic and superior mesenteric* 
arteries causing gangrene of the 
bowel through pressure on the latter 
vessel. There may be iseliemic 
necrosis of various tissues due to 
the blood in the wall of the aorta 

Fig. 1 S 9 . — Disseoting ancuri.siii of the • .1 'j. i* 4. • 1 

aorta. The media of the aacending compressiiiK the exit ot arterial 

aorta has been split into two layers, branches, as for instaiK^e, ill the 

biood^''"^ between the layers is the spinal arteries. On this 

account there may be a confus- 
ing multiplicity of symptoms. 
Usually the blood ruptures externally, with death to the patient, but 
it may rupture into the lumen. Should the patient survive, the blofid 
may be absorbed, and two tubes are formed, one inside the other. 
Dissecting aneurism is a disease of later life, and is rare before the age 
of fifty years. The primary lesion in the great majority of cases is 
marked medionecrosis of the aorta causing rupture of the vasa vasorum, 
but I have seen an occasional instance of blood entering the media 
through an atheromatous crack in the intima. As a rule a tear in the 
intima (especially at the spot where the latter is normal) is an effect 
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rather than a cause of the condition. Syphilis is not a factor of any 
importance. There may be large collections of lymphocytes and plasma 
cells in the adventitia; this is not the result of syphilis, but is due, 
apparently, to irritation produced by the accumulation of red blood 
cells in the wall of the aorta. The blood-pressure is usually high unless 
the patient is in extremis, and the heart is correspondingly enlarged. 
The symptoms are characteristic. The patient is seized by a sudden 
sharp pain in the chest, accompanied by prostration. He often_ ex- 
periences what he described as a tearing sensation. The pain passes 
off, but in a typical case death occurs some days later from the bursting 
of the aneurism into the pericardial sac, the chest, or the abdominal 
cavity. 



Fig. 190. — Fdgo of aneurism of aorta. Showing how the elastic tissue (blf.ck) suddenly 
ceases. Elastic tissue stain. X 75. 


Aneurism of the Aorta.— Aortic aneurism is so infinitely more com- 
mon and more important than the other forms that it will be considered 
separately. This type of aneurism is caused by syphilitic mesaortitis 
with destruction of the elastic tissue. (Fig. 190.) Each time the aorta 
dilates it does not quite return to the normal size owing to destruction 
of the elastic tissue. As the destruction is more marked in one place 
than another, a bulging occurs in the weakened area. Heavy manual 
labor with periodic strain, lifting heavy weights, etc., will hasten the 
development of the condition. Atheroma may weaken the aorta 
sufficiently to lead to the formation of an aneurism; this is most likely 
to be a fusiform aneurism of the abdominal aorta. 

The dilatation begins in the ascending aorta or the arch. (Fig. 191 .) 
Usually it is localized (saccular aneurism), but sometimes it is more 
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uniform (diffuse aneurism) . The mouth has a smooth rolled edge. The 
aneurism may grow forward, eroding the sternum, or backward, erod- 
ing the bodies of the vertebrae (though not the intervertebral disks), 
causing great pain in the back. It may press on the trachea with 
difficulty in breathing, on the esophagus with difficulty in swallowing, 
on the left recurrent laryngeal nerve with hoarseness and aphonia. 
It may rupture on the surface, or into the trachea, bronchi, esophagus, 
pericardium, or pleural cavity. 



Fig. 191. — Aortic aneurism. The rolled edge is well seen, as well as the characteristic 
nodular appearance of syphilitic aortitis. The aortic cusps are normal. 


The adjoining parts of the aorta show the characteristic wrinkling 
of syphilitic aortitis, but in the aneurismal sac the direct evidence of 
syphilis is usually obscured by atheroma. Thrombosis occurs on the 
roughened lining, and layer after layer of clot is laid down and becomes 
incorporated with the wall of the sac. The clot therefore shows a 
characteristically laminated appearance. Microscopic examination of 
the wall of the sac shows that it consists only of adventitia; the intima 
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and media have disappeared. Adjoining parts of the wall show the 
microscopic lesions of active syphilitic aortitis. 

Angiospastic Diseases.- -The muscular walls of the arterioles are supplied 
both with constrictor and dilator fibers. In inflammatory conditions of arteries 
such as Buerger’s disease the lesion irritates the sensory sympatlietic fibers 
and thus causes constriction of the anastomotic and terminal arteries. For this 
reason operative procedures designed to paralyze the sympathetic may be of 
great benefit by increasing the collateral circulation. Recent embolism and 
rapid thrombosis have a similar action on the sympathetic. In advanced 
non-inflammatory arterial occlusion (arteriosclerotic) there is inhibitioii of 
vasoconstrictor tonus, so that no benefit is obtained by paralyzing the sympa- 
thetic. Raynaud^s disease is a condition of long-continued arterial spasm 
resulting in local asphyxia and symmetrical gangrene. It usually affects the 
fingers. It is generally believed that the essential cause is a disturbance of 
the vasomotor mechanism, although it has been suggested that there is some 
local fault in the periphery independent of the vasomotor mechanism (Lewis). 
Mild cases of angiospasm (“dead fingers”) are very common; they occur 
almost exclusively in women. Vasodilatation is the basis of erythromelalgia 
(crythrosj red; melos^ limb; algos^ pain), a condition marked by a paroxysmal 
throbbing and burning pain usually in tlic feet, sometimes in the hands, 
accompanied by a dusky mottled redness of the parts. 


THE VEINS 
PHLEBITIS 

Inflarnjnjxtion of a vein or phlebitLS differs from inflammation of an 
artery in the greater tendency to thrombosis and the correspondingly 
lessened tendency to hemorrhage. The inflammation may be suppura- 
tive or non-suppuratiA e. 

Suppurative Phlebitis.— The inflammation is (paused by pyogenic 
bacteria which usually invade the vein from without. A win passing 
through an abscess or an area of cellulitis is much more likely to 
become inflajned and thrombosed than is the corresponding artery. 
The entire thickness of the wall is invaded by leucocytes and throm- 
bosis rapidly occurs, so that the condition may be called a thrombo- 
phlebitis. The thrombus becomes septic, softens, and is likely to 
disintegrate with the formation of emboli. Hemorrhage is not com- 
mon, because the thrombosis advances ahead of the inflammation and 
closes the vessel. Some of the most important examples of suppiira- 
ti\'e thrombophlebitis are as follows: phlebitis of the lateral sinus 
following acute otitis media and threatening to extend down the 
jugular vein; phlebitis of the ^’atdal veins following a boil or carbuncle 
of the nose or upper lip extending through the ophthalmic veins to 
th(‘ cavernous sinus; phlebitis of varicose hemorrhoidal veins (piles) ; 
phlebitis extending from the appendix to the portal vein and causing 
a i^ortal pyemia; phlebitis of the pelvic and femoral veins folloxying 
I)ucrperal sepsis or operations on the female pelvic organs; phlebitis of 
\'aricose veins of the leg when ulceration has occurred. In all of 
th(‘se instances the great danger is that multiple septic embolism may 
occur and a condition of pyemia be set up. 
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Non-suppurative Phlebitis.— When a vein is ligatured an aseptic 
phlebitis occurs accompanied by thrombosis. Owing to the absence 
of infection the thrombus is invaded by capillaries and fibroblasts and 
organized into fibrous tissue. The presence of a thrombus is of itself 
sufficient to produce an inflammatory reaction in the vein wall. This is 
apt to be mistaken for a primary inflammation, and the condition is 
wrongl}’ labelled thrombophlebitis. 

Primary Idiopal^c Thrombophlebitis.— This peculiar condition is a primary 
disease in otherwise normal persons. In most cases it is a thrombophlebitis 
miffranSf now one, now another short segment of vein being involved, often in 
recurring attacks. Occurring for the most part in young and middle-aged 
men, it appears to be an inflarmnatory disease of small and medium-sized 
veins, and may be regarded as a type of thrombo-angiitis obliterans which 
involves only the veins. 

phlebosclerosis 

The condition of phlebosclerosis or phlebofibrosis is not uncommon, although 
seldom recognized because seldom looked for. It does not appear to be related 
to arteriosclerosis, for it occurs at an earlier period of life, being commonest 
in young men between twenty and thirty years of age; it is not associated 
with fatty degeneration or calcification; and it bears no relation to hyper- 
tension. It affects chiefly the veins of the legs, where the affected vessels feel 
like hard mobile cords, which may be mistaken for tendons. There are no 
associated symptoms. It is a disseminated lesion affecting both su[)erficial 
and deep veins and is always bilateral. It has been called endophlebitis and 
hyperplastic phlebitis, but it is a degenerative and not an inflammatory con- 
dition. The affected vein is thickened and the lumen narrowed. The chief 
microscopic change is a marked increase of the connective tissue of the media 
and corresponding atrophy of the muscle fibers, together with a lesser fibrosis 
of the intima. The innermost layers of the thickened intirna are hyaline, and 
the endothelial lining is missing. The distinction between the coats of the 
vessel is largely lost. The exact nature of the condition is uncertain and the 
cause is quite unknown. 

VARICOSE VEINS 

A varix or varicose vein is one that is dilated, lengthened, and 
tortuous. The three common sites are: (1) The veins of the leg, 
especially the internal saphenous; (2) the hemorrhoidal veins (hemor- 
rhoids or piles); (3) the pampiniform plexus of the spermatic cord 
(varicocele). 

Causes. —These may be predisposing and exciting. An important 
predisposing cause appears to be a congenital and inherited weakness 
of the walls and valves of the veins. The condition may run in a 
family for generations, and the same vein may be affected each time. 
The eocciting factor is an increa.se of pressure in the vein, and may be 
caused in the following ways: (1) Central obstruction to the venous 
return (mitral stenosis, emphysema, cirrhosis of the liver). (2) Pres- 
sure of a tumor, gravid uterus, or loaded rectum. (3) Prolonged stand- 
ing. (4) Straining and violent muscular efforts. The former aggra- 
vates piles, w'hile the latter explains the frequency of varicose veins 
of the legs in athletes. 

Lesions.— l^he valves give way, and the vein becomes dilated, elon- 
gated and tortuous. A phlebosclerosis develops. At first there is 
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hypertrophy of the media from increased strain, followed later by 
atrophy and replacement fibrosis. The intima and adventitia also 
become fibrosed and thickened. The thickening is irregular, and 
pouching of the wall occurs in the intervals. Thrombosis in these 
pouches is very common. 

Effects.— The effects are felt by the veins and the tissues which they 
drain. Hemorrhage, phlebitis, and thrombosis are the important 
venous complications. Hemorrhage is cf)mmonest in the case of piles, 
where the veins are covered only by mucous membrane (hence -the 
name hemorrhoids). There may be hemorrhage from the veins of the 
leg as the result of trauma or ulceration of the overlying tissue. The 
hemorrhage may be into the tissue or on the surface. The presence 
of ulceration naturally predisposes to infection and thrombosis. 

The tissues suffer severely as the result of the varicosity. There is 
chronic congestion and the circulation is greatly interfered with. 
Kdcma is apt to develop, probably as the result of an associated 
lyjnphangitis, the overlying skin becomes sodden and devitalized and 
atrophic from pressure, and a varicose ulcer may be formed, usually on 
the lower third of the leg. This type of ulcer is likely to be very chronic, 
and may heal and break down repeatedly, causing great disability and 
suffering to the patient. The skin of the lower part of the leg acquires 
a mahogany-brown color, due to pigmentation from repeated small 
hemorrhages into the tissues. The modern treatment of varicose 
N'eins and varicose ulcers has completely changed the pre\’iously rather 
gloomy outlook. 
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CHAPTER XVII 


THE RESPIRATORY SYSTEM 

THE NOSE 

Granulomata. — Many granulomatous infections may involve the 
nose, but the only common one is syphilis. They all show a formation 
of new tissue, followed by necrosis, ulceration, and destruction of the 
septum. 

Syphilis.— Syphilis of the nose is common. It may be congenital or 
acquired. The congenital form may cause an atrophic rhinitis with 
foul-smelling discharge. Or it may destroy the st'ptum, cartilage, and 
bone so that the bridge falls in, giving the mddle nose so characteristic 
of congenital syphilis. The acquired tertiary lesion is a gumma which 
perforates the septum and may destroy the bridge of the nose so as to 
give the more uncommon ^'saddle nose” of acquired syphilis. 

Tuberculosis.- -'Tuberculosis of the nose is rare, and is usually a complica- 
tion of pulmonary tuberculosis. It is likely to produce an ulcerative lesion of 
the cartilaginous part of the septum. 

Leprosy.— Leprosy starts as a nodule which enlarges, undergoes ulceration, 
and may cause perforation of the septum. 

Rhinoscleroma. Rhinoscloroma is a disease of inhabitants of Eastern 
Europe. As the name implies, the lesion of the nose is peculiarly hard. The 
condition commences in the nose, but tends to spread to the pharynx. It is 
at first proliferative and then destructive. I'lie characteristic Mikulicz cells 
and other microscopic features are described in Chapter VH. 

Glanders. — (Handers is a very rare infection of the nose in man, although 
common in the horse. As usual, there is proliferation followed by destruction. 
The glanders bacilli are present in the secretion. The bacteriology and patho- 
logical lesions are given in Chapter VII. 

Tumors.- Tumors of the nasal cavity are usually polypoid in type. The 
commonest form of nasal polyp is not really a tumor, but an edematous mass 
of inflamed and hypertrophied mucous meiTibranc. It is usually attached to 
the lateral wall near the opening of the antrum of Highmore, and hangs down 
as a soft mucoid globular mass with a well-defined pedicle. Sometimes a pro- 
liferation of mucous glands may suggest an adenoma, ('"arcirioma is uncommon 
and sarcoma still more rare. 


THE LARYNX 
LARYNGITIS 

Infections of the nasopharynx will readily spread down and infec- 
tions of the bronchi spread up to the larynx. We may recognize the 
following forms of laryngitis: simple, diphtheritic, tuberculous, and 
syphilitic. 
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Simple Laryngitis. —The inflammation is usually acute. It may 
form part of a common cold or may occur in the course of one of the 
infectious fevers, especially measles and scarlet fever. Pneumococci, 
streptococci, and Micrococcus catarrhalis are the commonest organ- 
isms. Non-bacterial irritants such as steam and chlorine gas may 
cause violent inflammation. The lesions are those of acute inflam- 
mation of any mucous membrane. The membrane is swollen and 
congested and is covered by mucus, poured out by the glands. Micro- 
scopically it is infiltrated with inflammatory cells. 

Chronic laryngitis may be caused by excessive smoking, chronic 
alcoholism, or undue use of the vocal cords. The surface of the mucous 
membrane is dry and covered by small papillary projections. The 
epithelium is thickened and opaque (pac^hydermia). The submucosa 
is infiltrated with chronic inflammatory cells. In typhoid fever 
there may be swelling of the lymphoid tissue of the larynx, and in 
rare cases ulceration of the cartilage. 

Diphtheritic Laryngitis.— Diphtheria is primarily a disease of the 
pharynx, but the infection frequently spreads to the larynx. A “false 
membrane” consisting of fibrin, leucocytes, and necrotic epithelial 
cells is formed on the surface, but is firmly attached to the underlying 
tissue. A membranous type of laryngitis may also occur in strepto- 
coccal and other se\ ere infections. 

Tuberculous Laryngitis.— This is practically always secondary to 
pulmonary tuberculosis. It is fortunately not nearly as common as 
might be expected. Tubercles arc formed in the subepithelial tissue. 
These undergo necrosis, and shallow lenticular ulcers are formed on 
the surface. 7"hc disease begins in the arytenoid region or the vocal 
cords, and may spread extensively so as to involve all other parts of 
the larynx. liVentually there may be widespread destruction of the 
cartilages and the epiglottis, a peculiarly distressing condition because 
food tends to pass dowm into the trachea and lungs. 

Lupus ib a rare and much less serious form of tuberculosis of the larynx. 
It is secondary to lupus of the face or nasopharynx. Small nodules are formed 
with superficial ulceration, but there is none of the extensive destruction 
characteristic of tuberculous laryngitis. 

Syphilitic Laryngitis.— In the secondary stage there may be catarrh 
or mucous patches. In the tertiary stage there is destruction follow^ed 
by healing and scar formation. Papillary masses of new tissue may be 
formed. The scarring leads to distortion of the larynx, stenosis of the 
glottis, and a characteristic hoarseness of the voice. 

EDEMA OF THE GLOTTIS 

Edema of the glottis occurs in the course of an acute inflammation 
such as diphtheria or that caused by the inhalation of steam, irritating 
gases, etc. It may be part of an angioneurotic edema, but seldom 
forms part of a general cardiac or renal edema. There is great swelling 
of the loose tissue in the posterior wall of the pharynx, the false vocal 
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cords, etc. The parts are very swollen and boggy. The edema may 
develop acutely and may cause death from suffocation. 

TUMORS OF THE LARYNX 

Papilloma.— This is the commonest tumor of the larynx. It is a 
small warty growth composed of loose connective tissue, and usually 
arises from the vocal cords or the anterior commissure. It is common 
in singers and others who have to use the voice much. The tunior 
behaves differently in adults and children. In the adult it shows a 
strong tendency to recur after removal, and occasionally, though 
rarely, becomes malignant. In the child there is also a strong ten- 
dency to recur, no matter how radical the removal, but the new tumors 
are often at other sites in the larynx, and in time there is most likely 
to be spontaneous cure. In children, therefore, multiple recurrent 
papilloma is a benign self-limited disease. 

Nodular Fibroma. — This is not uncommon in children. It is a small 
sessile grow’th composed of vascular connective tissue. 

Carcinoma.— Cancer of the larynx is far commoner in males than 
ill females, and often shows a definite relatam to chronic irritation, 
such as overuse of the voice or abuse of tobacco and alcohol. Two 
forms may be recognized, intrinsic and extrinsic. The intrimic form 
constitutes 80 per cent of the cases, and arises from the vocal cords, 
usually the anterior third. The tumor, originating from fully differ- 
entiated stratified squnmous epithelium, often remains confined to the 
larynx for a considerable time, and offers a good chance of recovery 
after operative removal as well as being quite radiosensitive. The 
extrinsic form arises in the pyriform fossa, the aryepiglottic folds, or 
on the epiglottis itself. It involves the hypopharynx, invades the 
surrounding tissue, and gives rise to early lymph node metastascs. 
'^rhis is one form of hypopharyngeal carcinoma. Carcinoma of the 
larynx begins as a small indurated patch or as a papillary tumor. In 
the later stages there is extensive destruction, ulceration, and sepsis 
with the danger of lung abscess or inhalation pneumonia. The intrinsic 
form is epidermoid, the extrinsic form usually transitional in type. 

Sarcoma.— A rare tumor. 


THE BRONCHI 
BRONCHITIS 

Acute Tracheobronchitis.- Acute inflammation of the bronchi 
affects either the large bronchi and trachea or the small bronchioles. 
The latter condition is associated with pneumonia, while the former 
occurs in a pure form which may be called tracheobronchitis. 

Etiology.— The irritant may be bacterial, mechanical, or toxic. The 
bacteriology of acute bronchitis is by no means certain, but it is 
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probable that the pneumococcus, micrococcus catarrhalis, strepto- 
coccus, staphylococcus, and influenza bacillus may at different times 
be responsible. Their presence in the sputum does not prove that 
they have caused the inflammation in the bronchial wall. Acute 
bronchitis may complicate any of the infectious fevers, especially the 
early stages of typhoid. Dust, steam, poisonous gases, and ether 
may all produce acute tracheobronchitis. 

Lesions.— The mucous membrane of the trachea and large bronchi 
is red, swollen, and covered with a tenacious exudate which may be 
mucoid or purulent. Microscopically the mucosa is greatly con- 
gested and infiltrated with leucocytes. It is remarkable how often the 
latter are of mononuclear rather than polymorphonuclear type. The 
ciliated epithelium may be desquamated and the mucous glands are 
distended with mucus and show marked catarrhal change. The lumen 
of the bronchus is filled with pus. 

Chronic Bronchitis. — Chronic inflammation is a common condition, 
especially in damp climates. But it is seldom or never a primary 
entity, being rather a complication of some preexisting pathological 
condition which may lie in the heart, the nasal sinuses, or the bronchi 
themselves. 

Chronic heart disease, valvular or myocardial, is a common cause 
of chronic bronchitis on account of the continued congestion of the 
bronchial tree which weakens the resistance to bacterial invasion 
from the nose and throat. The nasal sinuses and antrum may serve 
as a constant source of infection, for septic material can so readily 
pass down the trachea and bronchi without ever being suspected. 

Dilatation of the bronchi (bronchiectasis) is now known to be at the 
bottom of very many cases of chronic bronchitis, thanks to the diag- 
nostic use of lipiodol. This subject will be discussed more fully in 
connection with septic diseases of the lung. 

Lesions.— The mucous membrane may be swollen and hypertrophic, 
and bathed with mucus or pus. In old cases it may become atrophic, 
so that the wall has a reticulated appearance owing to strands of fibrous 
tissue which remains. Microscopically all the coats are infiltrated with 
round cells, but a replacement fibrosis which takes the place of the 
glands, muscle, and cartilage may be the chief feature. The epithelium 
is low and cubical, sometimes even flattened. 

Fibrinous Bronchitis.- This is a rare and obscure condition in which the 
patient coughs up bronchial casts at periodic intervals. The casts are com- 
posed of mucin and epithelium rather than true fibrin. In diphtheria and 
pneumonia bronchial casts composed largely of fibrin may be formed. 

BRONCHIAL ASTHMA 

The chief lesion in true asthmatics is a marked thickening of the 
wall of the smaller bronchi. All the coats are involved, but the muscu- 
lar tissue is hypertrophied to a remarkable degree. The mucous 
glands are swollen and active, and the smaller bronchi may be blocked 
with mucus. During an anaphylactic attack the hypertn^phied muscle 
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is thrown into severe spasm, the lumen is narrowed, and expiration 
becomes very difficult. This difficulty is increased by the narrowing 
of the lumen caused by the general thickening of the wall and the 
abundant secretion of mucus. The walls are infiltrated with chronic 
inflammatory cells, mostly eosinophils but with many lymphocytes. 
Kosinophils are found in other conditions where hypersensitiveness 
plays a part (infection with animal parasites, skin diseases, etc.), and 
their presence must indicate some kind of defense reaction. In some 
cases inflammatory lesions of the arteries have been observed similar 
to those of periarteritis nodosa. This is not surprising, as both diseases 
have an allergic basis. The lung may show areas of emphysema and 
atelectasis, the former due to the great strain thrown on the pulmonary 
tissue during the expiratory spasm, the latter due to absorption of air 
beyond bronchioles blocked by mucus. Elongated Cffiarcot-Leyden 
crystals are often present in the sputum. They are believed to be 
derived from the eosinophils, and are also found in the tissues in leuke- 
mia and in the stools in amebic dysentery. 


THE LUNGS 

Descriptive Outline. — In describing the lungs attention is paid to the pleura, 
pleural cavity, lung substance (color, air content, etc.), bronchi, pulmonary 
vessels, and bronchial lymph nodes. The phura presents the usual smooth 
glistening surface of a serous membrane. The pleural cavity is nearly dry 
during life, but an appreciable amount of serous fluid may collect during a 
prolonged death agony, and in cardiac and renal disease there may be a remark- 
able accumulation during the last few hours of life. The lungs may be greater 
in volutne than normal or they may be collapsed. The weight of the right lung 
is 350 to 550 grams, that of the left lung 325 to 450 gi’ams. The texture is 
soft and pillow’^y. Owing to its air content it crepitates when pressed between 
the finger and thumb, and floats in water. These properties are lost when 
the air has been squeezed out of the lung by pressure from without or has 
been replaced by inflammatory exudate or edema. The apex should be inspected 
for the puckered scar of healed tuberculosis. The color depends on the amount 
of blood in the lung and on the amount of carbon pigment which has been 
inhaled. In the child the lung is of a uniform pink color, while in the adult 
it is of a dark slate-gray and shows varying degrees of pigmentation. The 
pleural lymphatics contain carbon, and thus outline in black the polygonal 
lobules which give the surface a mosaic appearance. On the cut surface the 
pigmentation follows the linos of the septa, the bronchi, and the arteries, and 
blackens any patches of scar tissue which may be present. In actual practice 
it is rare to find a lung that is perfectly normal throughout in color and con- 
sistence, because during the last hours of life blood tends to collect in the 
loose pulmonary tissue, and even after death blood gravitates to the dependent 
part of the lung, rendering it darker and firmer than normal. The bronchi 
are opened, their wall inspected for inflammation or tumor, and any contents 
noted. The pulmonary vessels are opened and examined for thrombi or emboli. 
Finally the condition of the bronchial lymph nodes is noted. 

LOBAR PNEUMONIA 

Pneumonia signifies an inflammatory consolidation of the lung. 
When it is diffuse it is called lobar pneumonia, when nodular in type 
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it is known as bronchopneumonia. Pneumonias may also be classified 
on a bacteriological basis according to the infecting organism. Lobar 
pneumonia is a much more clear-cut pathological entity with constant 
etiology than is bronchopneumonia. 

Etiology.— In over 95 per cent of cases the infecting organism is 
the pneumococcus. In the few remaining cases it is Fri^lander’s 
pneumobacillus, which produces a characteristic slimy type of exudate. 
In nearly three-quarters of the cases the pneumococci are Types I and 
II, more rarely Type III, and the remainder belong to Group IV, con- 
sisting of some 29 t>T)es. Since the introduction of the sulphonamide 
drugs the typing of pneumococci has lost much of its significance. 

It is now believed by many observers that allergy plays an important 
part in the pathogenesis of pneumonia. Certain it is that the age 
period at which the disease is most prevalent is that at which there is 
a high level of humoral immunity. Immune bodies are best developed 
in early and middle adult life, and are present in minimal amount in 
early childhood when the disease is rare. When an animal is sensitized 
(not immunized) to a bacterial protein, subsequent injection of that 
protein into the trachea is followed by the same rapid extravasation 
of inflammatory fluid into the lungs as is seen in lobar pneumonia. 
Clinical observations also suggest that previous infections of the 
respiratory tract may sensitize the lungs so that pneumonia may be 
the result of a subsequent infection. 

Predisposing factors lower the resistance of the patient and allow the 
organisms to pass from the upper to the lower respiratory tract. The 
best recognized of these are profound fatigue, chill, injury to the chest, 
severe fractures, debilitating diseases, and chronic alcoholism. In 
experimental alcoholism the leucocytes fail to show margination and 
do not emigrate, although their motility and phagocytic power are 
unimpaired (Pickrell). 

Route of Infection.— Pneumococci reach the pulmonary alveoli via 
the bronchial tree. The earlier work of Blake and Cecil on monkeys 
seemed to suggest that the organisms penetrated the walls of the 
trachea and main bronchi, spread through the interstitial framework, 
and finally entered the alveoli, as it were, by the back door. More 
recent work by Loosli on the monkey and IU)bertson on the dog has 
shown that in experimental pneumonia the infection passes along the 
bronchi directly to the alveoli, and the same is almost certainly true 
of infection in man. The organisms pass in the inflammatory fluid 
from one alveolus to another through the interalveolar pores of Cohn. 
Thus the wave of infection sweeps throughout an entire lobe, but is 
often limited to that lobe. Spread of infection along the bronchial 
tree under the control f)f gravity is also of primary importance. Direc- 
tion of spread depends on the bodily attitude of the sick person or 
animal. The capsular polysaccharide contains an edema-producing 
substance which can be extracted. It is natural, therefore, that the 
first feature of the exudate should be a marked inflammatory edema. 

The mechanism by which the pneumococci are destroyed has been 
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demonstrated in a remarkably beautiful series of exi>eriments by 
Barry Wood and his associates. The all-important element is the 
leucocyte, mainly polymorphonuclear, but macrophage in the later 
stages. The organisms are carried outward by the advancing flood of 
edema fluid, pursued in turn by the leucocytes. If the tortoise is 
to catch up with the hare the pace of the latter must be slowed down. 
This may be effected by means of specific antibodies which cause 
agglutination of the pneumococci or by the bacteriostatic action of 
the sulphonamides and penicillin. Antibodies j(opsonins) are necessary 
for phagocytosis when the organisms are floating free in fluid, as 
in a test tube. They are not needed, however, in the lung. WTien 
the leucocytes have overtaken the pneumococci they pin them against 
the walls of the alveolar sacs, and only then are they able to engulf 
them. The organisms are soon digested and disappear, so that phago- 
cytosis can only be observed in the outer edema zone and not in the 
densely consolidated inner zone. All of these phenomena can be seen 
in remarkable photomicrographs which illustrate Wood’s papers. 

Sjrmptoms.— The clinical manifestations of lobar pneumonia are partly 
local, partly general. The former are pain in the chest made worse by breath- 
ing, signs of consolidation of the lung (diilness on percussion, blowing breath- 
ing, increased vocal fremitus and resonance), moist rales during the period of 
rcsoluti<m, and blood-stained sputum. The general symptoms are fever, 
dyspnea, evidence of severe toxemia, and a marked leucocytosis. After a 
course of seven or eight days the illness suddenly terminates by crisis. 

Lesions.- The essential pathological feature is an out-pouring of an 
inflammatory exudate into the alveoli in response to the irritation 
produced by the pneumococci. The alveoli are filled by this exudate, 
the air is displaced, and the lung or part of it is converted into a solid 
and airless organ. This process is known as consolidation or hepatiza- 
tion because the lung becomes like the liver (hepar) in consistence. 
Four stages are recognized for descriptive purposes: congestion, red 
hepatization, gray hepatization and resolution, but these are really of 
very little importance. What is important is to realize that the process 
is a progressive one commencing at the hilus and sweeping out to the 
periphery, involving one or more lobes and sometimes both lungs. It 
follows that one part of the lung may be at one stage while another 
part is at another. The stage of the process can be determined by 
noting the freshness or the reverse of the exudate. 

The gross appearance of lobar pneumonia is very characteristic. 
(Fig. 192.) By the end of the second day the stage of red hepatization 
has been reached, and the affected part is consolidated, voluminous, 
reddish-brown in color, and sinks in water. It is very friable, so that 
the finger can be pushed into the solid mass. The surface is covered 
by a dull, fibrinous pleural exudate and the bronchi are intensely con- 
gested. The cut surface is dry, for the exudate in the alveoli consists 
of fibrin and cells. This dry surface is rough and gr.anular and has 
been likened to red granite. The roughness is caused by plugs of fibrin 
projecting slightly above the surface. Only one part of a lobe may be 
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consolidated, and the line of separation between the two parts is 
remarkably sharp. When the sta^^e of gray hepatization is reached, 
usually by the fifth day, the consolidated part is gray in color, more 
friable, and the pleural exudate is thicker. The cut surface is gray or 
brownish-gray, and it is now distinctly moist owing to softening of the 
exudate. The bronchial lymph nodes are enlarged and congested. 
In the stage of resolution (the stage of recovery) , the lung has become 
soft and translucent, and may be almost jelly-like in consistence. 



Fio. 192. — Lobar pneumonia. The upper lobe is eomplotely eon soli dated, being in a slate 
of gray hepatization. The lower lobe, only part of which is shown, is not involved. 


The microscopic appearance depends much on the stage of the process. 
At the very beginning the capillaries in the alveolar walls are intensely 
congested, and large numbers of pneumococci lie in a fluid exudate. 
(Fig. 193.) The alveoli are .soon filled by an acute inflammatory 
exudate, all the elements of which are sharply preserved. The twi) 
chief elements of the exudate are fibrin (lobar pneumonia is some- 
times called fibrinous pneumonia) and polymorphonuclear leucocytes; 
the proportion of these varies much in different parts of the sec- 
tion. (Fig. 194.) Other constituents of the exudate are red bk)od 
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cells, some plasma which may not haA c been converted into fibrin, 
a certain number of lymphocytes and monocytes from the blood, 
and pneumococci. All of these are sharp and distinct. The alveolar 


walls and the interstitial tissues 
show marked congestion and 
edema, so that under a low power 
the section presents a mosaic ap- 
pearance, the consolidated alveoli 
being separated by greatly thick- 
ened walls. Sometimes a capillary 
may contain a large multinuclc- 
ated mass, which ap[)ears to be 
a megakaryocyte dislodged from 
the bone-marrow. The pleural sur- 
face shows an acute fibrinous exu- 
date, and the lumen of the bron- 
chioles is filled with pus. 

Later in the process, corres])ond- 
ing to the stage of gray heptitiza- 
tioii, degeneration and softening 
of the exudate takes place. The 
various constituents of the exu- 
date have lost their freshness, the 
nuelei of the polymorphonuclears 
ar(' blurred and indistin(*t, the 
red blood cells ha\*e vanished or 



Fig. 193. — Lobar pneumonia, early 
stage. Tlie alvooli, which are crowded 
with pnouniococci, contain edema fluid 
but no l(Micoc‘ytes. X 1300. 



I'lG. 194. - Lobar pneumonia. The alveoli are filled with an acute fibrinous exudate. 

X 100. 
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appear as mere ghosts, and the thresids of fibrin are clumped together 
into amorphous masses. The pnemnococci can no longer be dis- 
tinguished. In the later stages the mononuclear phagocytes or 
macrophages play a prominent part in the process (Robertson and 
Uhley). Although there is considerable difference of opinion on 
this point, it appears probable that the macrophages are derived 
chiefly from the hypertrophy and transformation into larger phagocytic 
cells of the lymphocytes and monocytes after they entered the alveoli 
along with polymorphonuclear leucocytes in the early stages of the 
disease (Loosli). In the experimental animal (dog) this transformation 
is complete by the end of thirty-six hours. The macrophages contain 
red blood corpuscles, pneumococci, and degenerated polymorphonu- 
clears. The so-called septal cells become swollen and may project into 
the ah eolar lumen in a remarkable manner, but they show no evidence 
of phagocytosis, nor do they become detached in any considerable 
numbers. The lymphatics in the interstitial tissue are filled with 
phagocytes on their way to the enlarged bronchial lymph nodes. 

It is seldom that one sees the human lung in the stage of resolution, 
because by that time the patient is out of danger, but the process can 
be studied in the experimental pneumonia of monkeys. The exudate 
now consists of little more than disintegrating nuclei, granular debris, 
and mononuclear phagocytes. The fibrin is dissoh ed by proteolytic 
ferments, probably liberated by the disintegrating polymorphonuclear 
leucocytes. Once the exudate is softenetl it is removed partly by 
coughing, partly by being taken up by phagocytes and carried to the 
lymph nodes, but mainly by simple solution and absorption. Resolu- 
tion is a remarkable process, for it converts a completely solidified 
lung back again into a perfectly normal organ. 

The Relation of Symptoms to ^sions.— The physical ^gns are easily 
explained by the pathological findings. The dulness, blowing breathing, 
increased vocal fremitus and resonance are caused by a conversion of the lung 
into a solid organ which conducts sounds from the large bronchi to the chest 
wall with the greatest readiness. The moist rales heard during resolutioTi are 
caused by the liquefied exudate in the bronchioles. The pain is due to pleurisy. 
It is an early symptom, because the pneumococci reach the surface long 
before consolidation has become complete. The spvium is rusty in color 
because it contains broken-down red cells. If there is much alveolar hemor- 
rhage the sputum will contain bright blood. The sputum is very tenacious 
and stringy owing to its highly fibrinous character. The blood shows a high 
leucocytosis owing to the extensive character of the leucocytic exudate. Blood 
culture may be positive, but it is a sign of ill-omen except in the earliest stages. 
In cases which are going to recover the pneumococci usually soon disappear 
from the blood. 

The respiratory disturbances (dyspnea, rapid shallow breathing, and in the 
more severe cases cyanosis) cannot be explained merely by the exudate in 
the lung, for they may be marked even though the pulmonary lesion is quite 
limited. They appear to be bound up with the condition of lowered oxypiii 
saturation of the arterial blood known as anoxemia^ the index of which is 
cyanosis. The means by which the anoxemia is produced is not certain. 'The 
presence of a layer of fluid on the inside of the alveoli will prevent the nor?nal 
ga.scous interchange in the lung. This is a factor of great importance in pro- 
ducing the cyanosis of influenzal pneumonia, but whether it plays a part in 
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lobar pneumonia wc cannot be certain. A rise in the percentage of carbon 
dioxide in the inspired air acts as a powerful stimulant to respiration in a 
normal person, making it much deei)er, but in pneumonia the respiratory 
center fails to react to this stimulus, a failure to which the anoxemia of the 
disease may be closely related. 

The crids is a clinical phenomenon which cannot be explained by the patho- 
logical lesions. It is the most dramatic of changes, for in a few hours the 
temperature may drop 7° to 8° F., the dyspnea disappears, the respirations 
return to normal, and the patient passes suddenly from a condition of grave 
peril to one of complete safety. And yet the lung is in the same condition 
before the crisis as after it. A sudden detoxication occurs, but the explanation 
must be sought on immunological rather than morphological grounds. 



ric. 1U5. — Orf^anizatioii of a pneumonia exudate. A strand (jf fibrous tissue passes 
through an opening in the alveolar wall. X loO. 

Complications. -Organizaiion of the inflammatory exudate ma>’ 
occasionally occur. It he^coines changed from fibrin into fibrous tissue. 
'^I'bc strange thing is that this does not happen more frequently. 

I snally resolution occurs in time and the exudate melts away before 
fibroblasts have time to invade it. When organization occurs fibro- 
blasts grow into the exudate from certain points of the alveolar wall, 
especially the angles, and these are soon followed by capillaries which 
later disappear. Long strands of fibrous tissue are formed which 
tra\’ersc the alveoli, often passing from one alveolus to another through 
wliat appear to be openings in the walls. (Fig. 195.) The end-result 
of these elianges is to coinert the lung into a dense elastic structure. 
As it is fles]i\' in eonsistenee the process is known as rornificatiov. 

Suppuration and abscess formation are not common, and are due 
cither to a very virulent infection or to p()t)r resistance on the part 
of the patient. The alveolar walls are broken down and the exudate 
becomes purulent. It must be understood that although the exudate 
in lobar pneumonia may consist largely of polymorphonuclear leuco- 
cytes, this is not pus, and, as a rule, there is no suppuration, /. e., 
breaking-d(wn of tissue. Kmpyema may develop, but this is not 
common except in children, though a frequent complication of strep- 
tococcal pneumonia. Spread of the infection may also cause pericar- 
ditis. As a result of pneumococcal septicemia there may be endo- 
carditis, meningitis, and arthritis. 
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BRONCHOPNEUMONIA 


This condition, also called lobular pneumonia on account of its 
patchy character, is not a definite entity like lobar pneumonia. It 
may be a primary disease, but more often it is secondary to some 
other infection. It occurs principally in childhood and old age. The 
susceptibility of the child may be due to poor expulsive power, to the 
delicate mucosa, or to the short wide bronchial tree. The pneumonias 
following measles, whooping cough and other infectious fevers are 
bronchopneumonic in type; so also are the postoperative and terminal 
pneumonias. It is usually due to streptococci, but pneumococci, 
staphylococci and influenza bacilli may be the predominant organisms. 
The pneumococci generally belong to Group 4. Infection is by way of 
the air passages, sometimes due to aspiration of septic material. 

There is a patchy consolidation 
of both lungs, a lobular pneu- 
monia which can often be felt 
better than seen. Sometimes the 
patches fuse together, gix'ing a 
confluent br o n c h o p n e u m o n i a 
whicli may simulate lobar pneu- 
monia. Collapsed areas, dark 
purple in color and depressed be- 
low the surface, are seen on the 
outside of the lung especially in 
children. The collapse is caused 
by the bronchioles becoming filled 
with secretion, so that the air 
cannot enter the lobule; the im- 
I)risoned air in the alveoli is then 
al)sorl)ed and the lobule becomes 
collapsed. The collapsed areas 
arc surrounded by emphysema- 
tous bullje, a compensatory ar- 
rangement. A thin fibrinous exu- 



Fig. 196. — Streptococcal bronchopneu- 
monia, showing patchy character of the 
exudate. X 60. 


date covers the surface. On the 
cut surface the patchy character 
of the lesions is very evident, 


areas of consolidation alternating with areas of collapse, of emphysema 
and of normal lung tissue. The patchiness can be seen even better 
with the naked eye in a stained section. The consolidated areas are 
then seen to be grouped around small bronchioles. The bronchial 
lymph nodes are enlarged and soft. 

Microscopically there is an intense inflammation of the bronchial 
wall, the lumen of which is filled with pus and desquamated epithelium. 
There is more of a bronchiolitis in streptococcal pneumonia than in the 
lobar form. The bronchiole is surrounded by a ring of alveoli filled 
wdth an inflammatory exudate consisting mainly of polymorphonuclear 
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leucocytes with a moderate amount of fibrin. (Fig. 196.) Farther out 
the alveoli contain mononuclear cells and edematous fluid. The con- 
solidated areas alternate with areas of congestion, collapse, and 
emphysema. 

Recovery is often not complete. The walls of the bronchi are dam- 
aged, granulation tissue is formed followed by fibrosis, and permanent 
bronchiectasis may result. Moreover there is no distinct crisis, and 
absorption of the exudate tends to be delayed so that organization may 
occur. In these respects the disease differs from lobar pneumonia, 
which is a more satisfactory and honest type of infection— provided 
the patient recovers. 


INFLUENZAL PNEUMONIA 

The general problem of influenza aiul the question of its bacteriology 
have already been discussed in Chapter VII. The conclusion arrived 
at there was that influenza is due to a filter-passing virus assisted 
by Bacillus in^uenzaj and other organisms. One of the greatest 
difficulties is to distinguish between the lesions of a pure infection 
and those due to secondary invaders. l"he influenza virus lowers the 
resistance to such a degree that secondary infection (influenza bacillus, 
streptococcus, pneumococcus) occurs with great readiness. It is these 
invaders which produce the pneumonic consolidation, although certain 
fundamental features of the lesions, common to all the forms, may 
be attributed to the action of tlie virus. 

Symptoms.— The most characteristic symptoms of influenza are profound 
prostration, a dry hacking cough, and Icucopenia in place of the usual leuco- 
cytosis of acute infections. In addition, in the more severe cases with pul- 
monary complications there may be cyanosis, dyspnea, watery blood-stained 
sputum, pleurisy, and not infrequently empyema. 

Lesions. — It is difficult to speak with confidence of the lesions of a 
pure influenzal infection, because the number of cases on record in 
which influenza virus has been demonstrated at autopsy and the 
pathological changes described is incredibly small, and in fewer still 
have there been no bacterial invaders. From the work of Parker and 
his associates the essential features appear to be hemorrhagic edema 
together with a small amouiit of fibrin in the alveolar spaces and the 
formation of a hyaline membrane lining the alveolar walls. The 
lesions, indeed, are minimal. The almost universal occurrence of 
secondary bacterial infection gives rise not only to pneumonia but 
also to the necrotizing bronchitis and bronchiolitis so frequently seen. 
The trachea and bronchi are intensely congested, and the ciliated 
epithelium is desquamated, giving a “chevaus de frise” appearance 
(Fig. 197), thus opening the way to secondary invaders. The alveolar 
walls are thickened and infiltrated with lymphocytes and mononuclear 
cells. The bronchioles are filled with pus, their walls are damaged, 
and there may be subsequent dilatation and bronchiectasis. 

The pneumonic lung varies in appearance, but the lesions are con- 
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stantly bilateral. At the height of an epidemic, and sometimes in 
sporadic cases, the lungs are voluminous, covered by a thin fibrinous 
exudate, and of a vivid red color with splashes of a dusky purple. 
From the cut surface pours a bloody watery fluid due to a hemorrhagic 
edema which is the outstanding feature of the condition. In a marked 
case a correct diagnosis can be made at a glance. The lung is heavy, 
but without the firm consolidation of lobar pneumonia or the nodular 
consolidation of bn)nchopneumonia. The most marked feature of the 
microscopic picture is edema fluid filling the alveoli, with numerous 
red blood cells but few leucocytes and no fibrin. The alveoli may 
occasionally be lined by a hyaline membrane apparently derived from 
the albuminous fluid within the alvecilar spaces. In interepidemic 
periods the picture is less dramatic, but hemorrhagic edema is still 



P'lG. 197. — Trachea in influenza. Det$quamation of epithelium, congestion of mucosa, 
and infiltration with inflammatory cells. X 300. 

the characteristic lesion. At the beginning of an epidemic, before 
secondary invaders have attained a high virulence, a nodular peri- 
bronchial interstitial pneumonitis may be the dominant lesion. In- 
flammatory cells may fill the alveoli as well as bronchial wall and 
interstitial tissue, so that small nodular lesions are produced which 
may resemble miliary tubercles. 

Streptococci give rise to the most seriems secondary infections. In 
the 1918 pandemic the common organism in the United States was 
Streptococcus hsernolyticus, while in the British Army it was Streptev 
coccus viridans. The strei)tococcal lesions are likely to be lobular 
pneumonia, abscess formation, and empyema. Pneumococci produce 
a pneumonia which is often lobar in distribution but not lobar in type, 
because the influenzal toxins interfere wdth the leucocyte exudation 
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and fibrin formation characteristic of ordinary pneumococcal infections. 
In this form also empyema is common. 

The Relation of Ssnnptoms to Lesions. — The dry, hacking cough is due to 
the acute tracheitis and bronchitis. Cyanosis and dyspnea are probably due 
to interference with the exchange of gases in the alveoli, this in turn being 
caused by the copious outpouring of fluid. The watery, frothy, hemorrhagic 
sputum merely represents an external appearance of the hemorrhagic edema 
of the lungs. The profound prostration, the most striking of all the symptoms 
of true influenza, is due to the general toxemia. So also is the Zenker degenera- 
tion of muscle and other changes of a general character which are not dis- 
cussed in this place. 

OTHER FORMS OF PNEUMONIA 

Terminal Pneumonia. — Pneumonia may be found at autopsy as a 
termination of a chronic illness in which there is no hint of fever to 
suggest a pneumonic process. The consolidation is usually patchy in 
character and basal in distribution, so that it is often called hypostatic 
pneumonia. Hemorrhage and edema (hypostatic congestion) are com- 
mon terminal conditions in the dependent parts of the lung and are 
often associated with terminal pneumonia. The inflammation is a mild 
cue, and is due to the growth of organisms of low virulence in devital- 
ized tissues rather than to invasion by virulent organisms. The bac- 
teriology is of a very mixed description. The alveoli are filled with 
mononuclear cells together with a few polymorphonuclears, red blood 
cells, and much edematous fluid. There is a notable absence of fibrin, 
nor is there usually any pleurisy (hence the absence of pain). 

Postoperative Pneumonia.— 'pneumonia is due to aspira- 
tion of septic material during an operation; there is more danger of this 
during general anesthesia, but it may occur under a local anesthetic. 
Operations on the mouth and tonsils are the chief danger. Suppura- 
tion and abscess formation are common. The bacteriology is naturally 
very varied. Aspiration of stomach contents as the result of terminal 
vomiting produces a characteristic postmortem picture. Both lungs 
are of a dirty dark color, of soft almost mushy consistence, and have a 
sour, acid smell. The condition is of course not pneunionia but post- 
mortem digestion. 

The work of Yandell Henderson, Coryllos, and others sugggests that 
atelectasis may be an important factor in the production of postopera- 
tive pneumonia and possibly in other forms of pneumonia, especially 
in the new-born. When a patient lies on his back after a general 
anesthetic the bronchial tree tends to become filled with secretion so 
that the bronchioles are blocked. The free drainage by which the 
lung is kept in an aseptic condition is interfered with, the air distal 
to the obstruction is absorbed, the corresponding lobules collapse, and 
in the occluded area a mild pneumonia is likely to develop. Deep 
breathing induced by inhalation of carbon dioxide as suggested by 
Henderson and Hubbard is followed by opening up of the bronchioles, 
and may be used as a prophylactic against the development of post- 
operative pneumonia when it is especially feare<l. 

28 
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Pulmonary embolism is another fairly common postoperative com- 
plication which need not be discussed here. 

Staphylococcal Pneumonia. -This is an uncommon form of atypical primary 
pneumonia. The onset is often abrupt with chills, high remittent fever, and 
signs and symptoms first of bronchopneumonia and later of lung abscess. The 
sputum is yellowish, highly purulent, odorless, and swarming wMth staphylo- 
cocci. The lesions are bronchopneumonic, developing later into multiple 
abscesses. The disease may appear in epidemic form with a high mortality. 



Fig. 198. — Hyaline membrane in pneu- Fig. 199. — Oil pneumonia; phagoeytea 
monia of the new-born, X 500. filled with globules. X 450. 


Pneumonia in the New-born. - Pneumonia is a common cause of stillbirth. 
The infection, acquired in uleroj may be due to inhalation of amniotic fluid 
or ‘may possibly be caused by maternal infection. Many stillborn children 
show evidence of aspiration of amniotic fluid without definite pneumonia. 
Farber points out that the most important contents of this fluid are cornified 
desquamated epithelial cells from the skin of the fetus and vernix cascosa 
which is rich in fat and fatty acids. In the alveoli the desquamated epidermal 
cells take the form of long wavy structures with pointed ends. The vernix 
caseosa is pressed tightly against the walls of the alveoli and bronchioles as 
the result of inspiratory efforts by the child, and resembles the inflammatory 
‘‘hyaline membrane” of influenzal pneumonia which is formed from albuminous 
intrapulmonai^ fluid in very much the same way. (Fig. 198.) This vernix 
membrane stains red with eosin, and red with scharlach R. in frozen sections 
owing to its fatty nature. 

Chemical Pneumonia.— During World War I poison gas often produced 
acute pulmonary lesions much like those of influenzal pneumonia. There was 
the same acute hemorrhagic edema, and the patients were often literally 
drowned in their own fluids. If the patient recovered the lungs were per- 
manently damaged and liable to recurring infections. 

Lipoid Pneumonia.— This term denotes an inflammatory condition of the 
lung caused by the presence in the alveoli of animal or mineral oil. It may 
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develop when the throat has been repeatedly sprayed with mineral oils, liquid 
petrolatum, etc., especially in children. The habitual forced administration of 
cod-liver oil in children is another cause. It is important to realize that light 
oils can pass with ease from the upper respiratory passages to the lungs. The 
condition is much commoner than has been suspected, the incidence having, 
increased ^eatly since the existence of the lesion was first demonstrated by 
Laughlen in 1925. This is due to the widespread habit of self-medication by 
the public who so frequently use oily sprays or drops for upper respiratory 
infections. Animal oils, particularly cod-liver oil, are highly irritating. Liquid 
petrolatum, although less acutely damaging, produces severe chronic effects, 
as it leads to the formation of reticulum fibers, giant cells, and finally extensive 
fibrosis. ^ In the gross the affected areas are gray or yellow and moderately 
firm, projecting slightly above the pleural surface. The patches become firmer 
and grayish-white, and may be mistaken for tumor metastases. The alveoli 
are filled with large phagocytic cells (lipophages) distended with droplets of 
oil, giving a highly characteristic microscopic picture. (Fig. 199.) It must be 
pointed out that macrophages filled with lipoid may be present in the alveoli 
apart from true lipoid pneumonia. They are seen in pulmonary tuberculosis, 
(ihronic suppuration, and in the vicinity of large infarcts. In such cases the 
lipoid must be of endogenous rather than exogenous origin. Liquid petrolatum 
stains with scarlet red but does not reduce osmic acid, whereas cod-liver oil 
reduces osmic acid. In the later stages fibrosis is marked, and giant-cell 
formation is common. The disease occurs at the two ends of life, and the adult 
form is characterized by a dense fibrosis which is often so clearly localized that 
it may be mistaken for a neoplasm (paraflfinoma of lung). 

Virus Pneumonia. — Pneumonia, or rather pneumonitis, may occur in a 
number of virus diseases. The more important of these are influenza, psitta- 
cosis, Australian Q fever, and the so-called primary atypical pneumonia. 
The great difference between virus infections of the lung and bacterial pneu- 
inonias is that in the former the chief lesion is an interstitial inflammation, as 
evidenced by lymphocytic and mononuclear infiltration of the walls of the 
bronchioles and the lung framework with a varying degree of alveolar edema, 
whereas in the bacterial pneumonias the cellular and fibrinous exudate occupies 
the alveolar spaces. 

Primary atypical pneumonia ^ often referred to specifically as virus pneu- 
monitis, is a new arrival in the infectious field. The infection causes an acute 
inflammation of the mucous membranes of the upper respiratory tract, occa- 
si()na!ly extending to the trachea and bronchi and in a fcAV cases to the bronchi- 
oles and lungs. The morbidity is high, but the mortality low. The physical 
signs are largely negative, but there is roentgen-ray evidence of a patchy, 
ill-defined consolidation, seldom involving more than a portion of a lobe. 
The course is usually mild, lasting two or three weeks, and a fatal outcome 
is rare. Inoculation of all the laboratory animals proved negative, but Weir 
and Horsfall found that in the mongoose a pneumonia was produced which 
w as bacteriologically sterile. This pulmonary lesion was marked by extensive 
edema of the alveoli and alveolar walls, together with small numbers of mono- 
nuclear cells. The virus is readily propagated on the chorio-allantoic mem- 
brane of the chick embryo. In new-bom children a form of epidemic pneu- 
monia has appeared which is apparently due to a virus. It is highly con- 
tagious, the mortality is high, and cytoplasmic inclusion bodies are present in 
the bronchial epithelium. 

Mucosal Respiratory Syndrome.— This descriptive term, suggested by 
Stanyon and Warner, has been applied to a condition characterized by inflam- 
matory lesions of mucous membranes, skin and lung, and caused almost 
certainly by a virus. The condition is sometimes referred to as the Stevens- 
Johnson syndrome. The mucous membranes involved are those of the mouth, 
conjunctiva, and genital tract. The onset and spread of the stomatitis is rapid 
and dramatic, and within a few hours the mouth is a mass of large, shallow’, 
extremely painful ulcers. The lungs are consolidated by w’hat is evidently a 
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virus pneumonia, with ^eat edema, an alveolar exudate consisting entirely of 
mononuclear cells, extreme swelling of the alveolar lining cells, loss of bronchial 
epithelium, and mononuclear infiltration of the bronchial walls. In some cases 
there are erythematous or hemorrhagic lesions of the skin. . 

Ii5ffler’s Pneumonia.— The condition usually known as Loffler's syndrome, 
first described in 1932, is characterized by a mild clinical course, marked 
eosinophilia, and transitory pulmonary lesions which present a remarkable 
and alarming picture in the x-ray films. Little is known about the pathological 
lesions, because the patient seldom di^. In a careful study by Bayley, lind- 
berg and Baggenstoss, the follow’ing changes were observed. Scattered 
throughout the lungs were focal areas of consolidation. Some of these con- 
sisted of fibrous tissue with an intermingling of great numbers of eosinophilic 
leucocytes, whilst others presented a granulomatous picture with epithelioid 
cells, numerous eosinophils, and' fibrinoid degeneration of collagen. Wide- 
spread vascular lesions were present, 
in particular a necrotizing arteritis 
similar to that seen in periarteritis 
nodosa. In the bronchi there was 
marked hypertrophy of the muscle 
and extensive eosinophilic infiltra- 
tion, lesions identical with those of 
bronchial asthma. The entire pic- 
ture is strongly suggestive of an al- 
lergic reaction. The allergic agent 
may not be the same in every in- 
stance. In some cases the larvae 
of Ascaris lumbricoides which 
migrate through the lungs may be 
responsible, whilst in others the 
antigen responsible may be pollens 
or bacteria. 

Giwt-cell Pneumonia. -- This 
condition, first described by Hecht 
in 1910, is an interstitial pneu- 
monitis of infants and young chil- 
dren characterized by the presence 
of large multinucleated giant cells. 
It has been suggested by Chown 
that it is a manifestation of vitamin 
A deficiency. Pinkerton and his 
associates describe cell inclusions, 
both cytoplasmic and intranuclear, 
in several cases, and point out the 
close resemblance of the lesions to 
those of dog distemper. For this reason they believe the condition to be 
due to infection by a virus, possibly closely related to that of distemper. It 
is possible that the cellular disturbance produced by the virus may render 
impossible adequate utilization of vitamin A. 

Radiation Pneumonitis. —When the chest is exposed to repeated doses of 
therapeutic radiation reactive changes may occur in the lungs. The alveolar 
lining cells enlarge, and some become very hypertrophic and bizarre-like 
tumor giant cells. The bronchial epithelium shows similar but less extreme 
changes. The elastic tissue is ruptured and reduplicated. The alveoli may he 
lined by a hyaline membrane similar to that seen in epidemic influenza and 
in the new-born. The triad of epithelial hyperplasia, changes in the elastic 
tissue, and hyaline membrane lining the alveoli is pathognomonic. Injury to 
the tissues may lead to infection followed by fibrosis. 



Fig. 200. — Fetalization of alveolar lining. 
X 160. 
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Chronic Interstitial Pneumonia. — An increase in the fibrous frame- 
work of the lung known as chronic interstitial pneumonia (a poor 
name) may be the result of an acute or a chronic process. An acute 
streptococcal or influenzal pneumonia may be accompanied by destruc- 
tion of tissue and subsequent fibrosis, as a result of which the fibrous 
tissue around the bronchi and bloodvessels in the interlobular septa 
and under the pleura is much increased. The organization which 
occasionally follows pneumococcal pneumonia comes into a different 
category. The process may be chronic from the outset, as in the fibroid 
forms of tuberculosis and in the interstitial pneumonia of congenital 
syphilis. In the latter condition, known as pneumonia alba, the lung 
is pale, heavy, and consolidated. As a result of the irritation produced 
by the spirochetes an abundant granulation tissue is formed which 
separates the alveoli widely. In this and in other fibroid conditions 
of the lung the alveolar epithelium becomes cubical (usually it is 
invisible), so that the alveoli assume a gland-like appearance like that 
of the early fetal lung (Fig. 200), probably because of loss of respi- 
ratory function. 

THE PNEUMOCONIOSES 

The long-continued inhalation of certain irritating dusts may cause 
a chronic interstitial pneumonia known as pneumoconiosis {konis, dust). 
The outcome of these dust diseases is entirely dependent on the pres- 
ence and amount of silica in the dust. The dangerous pneumoconioses 
arc silicosis and asbestosis, both of which may be disabling or fatal. 
Anthracosis, a condition caused by the inhalation of carbon in coal 
dust, is harmless in comparison. 

Silicosis.— Silcosis is the most widespread, the most serious, and the 
oldest of all occupational diseases. Silicon (Si) is the most widely 
distributed element in nature. The silicates merely give rise to a foreign 
body reaction, but silica (Si 02 ), like asbestos, causes a progressive 
productive reaction ending in fibrosis and associated with marked 
impairment of pulmonary function. This condition, known as silicosis, 
is the most important of the dust diseases, and prenidcs a serious 
hazard in the gold-mining industry in certain districts such as the South 
African Rand and northern Ontario. The worker is in great danger, 
but men mining any type of coal are liable to develop silicosis. If, in 
coal mining, hard rock has to be drilled through, coal-miners may also 
suffer. Other occupations in which there is danger are tin-mining, 
stone-working, metal-grinding and sand-blasting. In all of these cases 
dust containing fine particles of silica may be inhaled over long periods 
of time. 

The particles of silica are taken up from the bronchioles, the epi- 
thelium of which is not ciliated, by phagocytes which carry them to 
the tiny lymphoid aggregations in the alveolar septa. The cell con- 
taining the silica undergoes changes similar to those seen in tuberculo- 
sis. The cytoplasm increases in amount and comes to contain lipoid 
droplets, whilst the nucleus may divide repeatedly, so that a to pical 
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Langhans giant cell may be formed. \\Ticn silica is injected sub- 
cutaneously it produces necrosis, and the slow reaction in the lung 
results partly in necrosis but to a much greater degree in fibrosis. 
Both the rate and the extent of the fibrosis are in inverse proportion 
to the size of the silica particles. Previous disease processes, such as 
pneumonia, which may cause scarring of the delicate alveolar walls and 
lymphoid collections will facilitate the arrest of the particles and pre- 
dispose to the production of silicosis. The fibrosis is at first patch}', 
corresponding to the deposits of silica in minute lymph follicles adjacent 
to the terminal bronchioles, and takes the form of ‘'silicotic nodules” 
(Fig. 201), composed of concentric layers of fibrous tissue and readily 
palpated in the lung. These nodules gradually coalesce, and the 
fibrosis becomes widespread. In extreme cases the lung becomes stony 
hard, and in one instance I had to saw the lung in two. When the 



Fio. 201. — Silicosis showing characteristic fibrous nodules. X 13. 


lesions are produced by pure silica dust, as in gold miners and sand 
blasters, the nodules have the clean-cut, laminated, onion-like char- 
acter described above. \Mien, however, as is frequently the case, the 
silica is mixed with other dusts, as in granite workers and anthracite 
coal miners, an interstitial fibrosis is added, and tongue-like projec- 
tions extend from the nodules into the surrounding tissue. Moreover 
dust inclusions arc commonly seen when the lesion is due to mixed 
dusts; these are seldom present in cases of pure silicosis. Emphysema 
is a common consequence of the extensive fibrosis, most marked, as a 
rule, at the base. The lymph nodes at the root of the lung are small, 
hard and fibrosed, wdth fibroblasts arranged in a characteristically 
whorled manner. The pleura is thickened and adhesions are common, 
due to deposits of silica in the subpleural lymphatics. The functional 
capacity of the lungs is greatly interfered with, and the chief symptom 
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is marked dyspnea. The necrotizing action of the silica may lead to 
destruction and cavitation, but these changes are usually due to an 
accompanying tuberculosis. 

Most silicotics die of tuberculosis because the presence of silica in 
the tissues favors the growth of tubercle bacilli to an astonishing 
degree. This was shown by Gye and Kettle, who injected a mixture 
of silica and tubercle bacilli into mice and observed very rapid devel- 
opment of the tuberculous lesion. When silica is injected subcutane- 
ously and tubercle bacilli are injected intravenously on the follow' ing 
(lay the same effect is observed. The tuberculous infection to which 
the patient succumbs may be acquired before or after exposure to 
silica dust. The lesions of silicosis and tuberculosis are essentially 
similar. In human cases it is often impossible to be certain of the 
nature of a given lesion when the two are combined. Silica can cause 
every type of cellular reaction found in tuberculosis. As Gardner 
remarks, it is strange that a simple inorganic compound like silicon 
dioxide can give rise to the same cellular reactions as the tubercle bacil- 
lus with its proteins, carbohydrates and lipoids. 

'File radiological appearance is of great ianportance, because it forms 
the basis for the clinical diagnosis. The earliest change is an increase 
in the normal reticulation of the lung. The specific appearance, 
however, is that of clean-cut nodules scattered widely throughout both 
lungs, but in cases due to mixed dusts the outline of the nodules is 
much more hazy. When calcium is deposited in the nodules they 
stand out still more sharply. When tuberculous infection is added 
the nodules develop a fluffy outline, increase in size, and eventually 
coalesce to form large shadows; this is in contrast to pure silicotic 
lesions which may remain discrete for years. 

A possible explanation is suggested by the work of Fallon, who 
found that a phospholipid could be extracted from early expcrunental 
silicotic lesions. This is supposed to come from disintegrating mono- 
nuclear and epithelioid cells called forth by the quartz particles. 
When the phospholipid is injected into rabbits it produces a fibrotic 
reaction similar to that caused by finely particulate quai tz and also 
similar to the lesion caused by the injection of the phospholipid fraction 
of tubercle bacilli. 

Sili(;otic lesions are not confined to the lung. Silica may occa- 
sionally be carried to the liver and spleen, where it causes necrosis and 
fibrosis (Lynch). 

Anihracosis. — A varying amount of coal dust is found in every lung 
at autopsy, and is usually of no significance. By itself coal dust 
appears to produce no harmful effect. In coal miners, however, it 
may give rise to the form of pneumoconiosis known as anthracosis. 
It does so because of the admixture of a certain amount of silica. In 
this mixed form the characteristic lesion is dmt-reticulation (Belt), 
with corresponding fine net-like shadows (reticulation) in the roentgen- 
ray picture. Dust-reticulation is scattered diffusely throughout the 
lungs, forming a lace-like pattern along the lymphatic pathways and de- 
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pots in which dust-laden macrophages are entrapped. The appearance 
of innumerable dust-ridden cobwebs is due to the formation of fine 
argentophil reticulum fibers; there is none of the collagen formation 
so characteristic of pure silicosis. The bronchial lymph nodes are 
masses of coal dust. In more advanced cases, which may be termed 
anthraco-silicosis, there may be nodulation, the 
formation of tiny nodules from 2 to 5 ram. in 
diameter. Finally there may be confluent fihroeis^ 
a patchy confluence of the previous lesions. All 
of these features are due to the presence of the 
silica rather than the coal dust. Emphysema 
may be marked, due perhaps to destruction of 
the elastic tissue. Belt remarks that the collier’s 
lung is in a very real sense his occupational log 
book; it retains a qualitative and an indelible 
record of the mineral particles breathed during 
life. 

Pulmonary Asbestosis. — This condition is due to 
the inhalation of asbestos dust which may contain 
over 50 per cent of silica. The disease is acquired 
either during the crushing of asbestos rock or in the 
process of carding the asbestos. The lung shows the 
airless and fibrosed condition found in silicosis, and 
on the cut surface there are areas of caseation with 

Fia. 202. — Asbestos cavity formation. The characteristic microscopic 

body showing globular feature, in addition to a large amount of silica dust, 

ends and segmented ap- is the presence of large angular particles which are 
pearance. (Specimen of probably fragments of asbestos fibers, and curious 
Dr. .r. E. Pritchard.) goldcn-yellow bodies with a globular end and seg- 
mented body. (Fig. 202.) The latter structures, which 
maybe called asbestos bodies, are pathognomonic of the condition, but their 
exact nature is not understood. 

Pulmonary Fibrosis of Uncertain Nature.— Occasional cases are encoun- 
tered by every pathologist in which there is more or less extensive interstitial 
fibrosis without any satisfactory explanation. They may be associated with 
a marked degree of compensatory emphysema. Some of these cases may 
represent healed disseminated miliary tuberculosis infected from an extra 
pulmonary source. In others there may have been a previous virus infection 
which damaged the pulmonary framework. Hamman and Rich report 4 cases 
of acute interstitial fibrosis of the lungs in which the pathological process was 
evidently rapid with accompanying right-sided heart failure. Belt describes 
fatal pulmonary fibrosis due to industrial exposure to radium over a period 
of two years. It is probable that there are other still unsuspected etiological 
agents. 

SUPPURATIVE CONDITIONS OF THE LUNG 

Septic diseases form along with the pneumonias and tuberculosis the 
great trio of pulmonary infections. Many cases of supposed tubercu- 
losis in which tubercle bacilli can never be found in the sputum belong 
to this group. The use of the bronchoscope and of lipiodol in the 
investigation of the bronchial tree has served as a great stimulus to 
the study of these diseases. The chief of these septic or suppurative 
conditions are aV>scess, gangrene, and bronchiectasis. 
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Abscess and Gangrene.— There is no sharp line to be drawn between 
abscess and gangrene of the lung. The former is a suppurative condi- 
tion more or less circumscribed, while the latter is putrefactive and 
tends to be diffuse. 

Etiology.— The cases may be divided into three groups: the inhala- 
tion, the embolic, and the pneumonic, depending on the method of 
causation. 

1. The inhalation group is far the largest and most important. 
Abscess of the lung is a constant threat in operations on the month, 
nose, and throat. Tonsillectomy being the commonest operation is 
most often complicated by pulmonary sepsis, but this may happen 
with the removal of adenoids, operations on the nose, and the removal 
of teeth, and it may follow a local as well as a general anesthetic. 
The chief feature of the bacteriology of the inhalation group is its 
mixed character. This is in contrast to embolic abscesses or those due 
to staphylococcal pneumonia in which cases there is often only one 
infecting organism. The abscess is commoner in the right lung, perhaps 
because this lung has a more vertical bronchus. Foreign bodies may 
pass down the bronchial tree and give rise to abscess formation, 
especially in children. Septic material from the nasal sinuses, food 
regurgitated during general anesthesia, etc., may pass down the 
bronchial tree and cause an abscess. These foreign body abscesses 
must be distinguished sharply from other forms, because if the foreign 
body can be removed by means of the bronchoscope the prognosis is 
remarkably favorable. A metallic foreign body tends to cause hyper- 
plasia rather than liquefaction of tissue, and when it is removed a 
complete cure may result. A sterile embolus may give rise to an 
abscess of the inhalation type, for obstruction of the vessel leads to 
extravasation of blood and fluid and an increase of bronchial secretion, 
a condition readily liable to infection from the bronchial tree. 

2. The embolic group is caused by particles of a septic thrombus 
being carried to the lungs. As these particles are numerous the 
abscesses are nearly always multiple. The original septic focus may 
be in the lateral sinus, in the female pelvic veins, etc. If the embolus 
is large a septic infarct is produced which breaks down to form an 
abscess; if it is small no infarct is produced. 

3. The pneumonic group is usually streptococcal. In streptococcal 
bronchopneumonia abscess formation is not uncommon, especially in 
those cases which complicate influenza. In lobar (pneumococcal) 
pneumonia, on the other hand, it is very rare for the consolidated area 
to develop into an abscess. 

There remains a miscellaneous group where infection may spread 
from a neighboring organ, e, </., the esophagus, the vertebral column, 
or from below the diaphragm. Bronchiectatic abscesses form a group 
which will be considered separately. 

Symptoms. —The chief clinical manifestations of abscess of the lung are 
(1) cough and copious expectoration of pus, (2) foul breath and sputum 
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(3) elastic tissue in the sputum, (4) dulness on percussion. The signs of gan- 
grene are the same as those of abscess, and often the two conditions are com- 
bined. 

Lesions.— Abscess is commoner in the right lung, and is as frequent 
ill the upper lobe as in the lower. The lesion is at first a solid mass, of 
\ello\v inflammatory tissue, but as liquefaetion occurs a cavity is 
formed filled with pus. This cavity may be of any size, from the 
smallest to the largest. The wall is ragged and necrotic, but in the 
more chronic forms a wall of fibrous tissue is built up and the lining 
becomes smooth. Owing to the close relationship in the pulmonary 
k)bule between the bronchus and bloodvessels thrombosis is frequent, 
and this leads to extensive necrosis. The abscess is usually single at 
first, but secondary abscesses may occur at any time due to aspiration 
of infected material into other segments. The inhalation abscess is 
likely to communicate with a bronchus, the embolic abscess is not. 
Because the abscess is in the periphery of the lung the communicating 
bronchus is always small, rarely exceeding 2 to 3 mm. in diameter. A 
chronic abscess may show epithelialization of its wall from the bronchus. 
The microscopic appearance is that of an acute abscess with dense 
infiltration of polymorphonuclear leucocytes and a varying number of 
mononuclear phagocytes. The alveolar walls are destroyed, whereas 
in pneumonia they are preserved. As the condition becomes chronic; 
fibroblasts multiply, and a wall of fibrous tissue is built up around the 
abscess. 

The odor of the contents depends largely on whether the lesion is 
a merely suppurative or a gangrenous one. In an abscess uncompli- 
cated by gangrene the contents may be inoffensive, but when gangrene 
supervenes the smell is horrible. This is due to decomposition of the 
proteins by saprophytes, of which the most abundant are spirochetes 
and fusiform bacilli, which are found in the contents of the cavity, 
in the sputum, and in sections of the lung. They are largely respon- 
sible for the necrosis. These organisms are secondary invaders from 
the mouth, where they occur in connection with carious teeth and 
pyorrhea. Some workers believe that they can act as primary invaders 
and produce the lesions unaided, but this appears improbable. 

(iangrene may be preceded by abscess formation or may be the pri- 
mary condition owdng to the aspiration of heavily infected material. 
In debilitated persons a pneumonia may become gangrenous. Soft 
green areas are formed, and these break down with the production 
of ragged cavities filled with foul-smelling stuff. Bloodvessels travers- 
ing the cavit\' may be opened, sometimes with fatal hemorrhage, 
(iangrene of the lung is likely to be rapidly fatal. 

The Relation of Symptoms to Lesions. Pus may be expectorated in large 
amount, but this depends on WThether the abscess communicates with a bron- 
chus. Such a communication exists in bronchiectasis, in an inhalation abscess, 
and when an abscess bursts into a bronchus. If the abscess can be drained 
by means of the bronchoscope or even by effective coughing it may become 
healed. In an embolic abscess there is no communication with a bronchus, so 
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that no pus is expectorated. The sputum may be very characteristic, thick, 
purulent, yellowish-green in color, and often very abundant. On standing it 
separates into an upper frothy layer, a middle cloudy layer, and a lower deep 
purulent layer. The odor deppds on the degree of putrefaction and gangrene. 
Elastic tissue in the sputum indicates destruction of the lung. It may show 
an alveolar arrangement, and is best demonstrated by dissolving the sputum 
in weak, warm potassium hydroxide, which leaves the clastic fibers unaltered. 
Pleurisy is common, because the abscess is often subpleural in position. Ein- 
pyema may be caused by rupture of the abscess into the plcuial cavity. Hrain 
(Sscess is a conunon complication due to septic embolism. Two curious points 
should be noted: (1) that the cerebral abscess is often single, and (2) the 
1 nearly invariable absence of abscesses in the other organs. It is probable that 
the route of infection is by the vertebral series of veins described by Batson 
and others (page 258). 

Bronchiectasis. — A dilatation of the bronchi, either local or general 
is known as bronchiectasis. Stagnation of the bronchial contents fol- 
lows the dilatation, with resulting infection and suppuration. Minor 
degrees of the condition are common, although often missed clinically 
unless lipiodol is used. 

Etiology.— The two main factors are infection and bronchial obstruc- 
tion. The infection causes chronic inflammation of the bronchial walls 
with destruction of the musculo-elastic tissue resulting in dilatation of 
the part of the bronchial tree whose walls are damaged; the patho- 
genesis is the same as that of aortic aneurism. The dilatation favors 
accumulation of secretion with added infection and further injury to 
the bronchial wall. There may be a physiological block due to paraly- 
sis of the cilia from infection or metaplasia of the columnar epithelium 
into a squamous type, thus interfering with the normal mechanism for 
the removal of secretion (Robinson). A marked obliterating endarter- 
itis may still further low'cr the resistance of the bronchial walls. In 
young children the process tends to be more acute, so that the first 
lesion is an ulcerative bronchitis with secoiulary destruction of the 
bronchial wall (Erb). 

The acute infection, commonly occurring in childhood, may be 
measles or whooping cough, and occasionally influenza or pneumonia. 
The actual onset of symptoms is insidious, and is not ushered in by any 
acute illness. Neither gross upper respiratory tract infection nor 
chronic bronchitis is a common cause of bronchiectasis. Spirilla and 
fusiform bacilli are frequently found in the walls of the dilated bronchi, 
but it seems more probable that these are secondary invaders than 
primary etiological agents. 

Obstruction of the bronchi leads to accumulation and stagnation of 
secretion, infection and weakening of the bronchial wall. T^he obstruc- 
tion may be due to carcinoma, a foreign body, or pressure from without 
by aneurism, etc. 

Lesions.— Bronchiectasis may be diffuse (cylindrical form) or local- 
ized (saccular form). The former is the more common. (Fig. 203.) It 
is usually bilateral, but it is rather remarkable that quite often it is 
unilateral. For some unknown reason the left lung is more often in- 
volved than the right, and the lower lobes more often than the upper 
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Fig. 203.— Bronchiectasis. The 
bronchi show marked cylindrical 
dilatation. 


owing to stasis. Only one lobe may be 
affected. The size of the cavity depends 
on the size of the bronchus. It is filled 
with pus which stagnates there owing 
to insufficient drainage, and still further 
weakens the wall of the bronchus. The 
mucosa is hypertrophic and may form 
tumor-like, highly vascular papillary 
masses. Later there may be atrophy. 
The microscopic appearance is similar 
to that of chronic abscess. The wall 
of the bronchus and the surrounding 
tissue is infiltrated with chronic inflam- 
matory cells. The mucosa may be 
hypertrophic or atrophic, and in ad- 
vanced cases the muscle, glands, elastic 
tissue, and even the cartilage may be 
replaced by fibrous tissue. (Fig. 204.) 
The most significant lesion is the de- 
struction of the bronchial musculature 
and elastic tissue, for it is these which 
weaken the wall and allow the dilata- 
tion to occur. Septic thrombosis may 
occur with embolism and the formation 
of a secondary brain abscess. 
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The Relation of S^ptoms to Lesions. — The chief symptom is due to the 
chief lesion, the patient bringing up large quantities of pm at infrequent 
intervals, often when he changes position (postural coughing due to the pus 
coming in contact with a new and more sensitive part of the bronchial wall) 
or on awakening in the morning. During the intervals the pus is accumulating. 
The character of the pus has already been described in connection with Abscess. 
Hemorrhage {hernoptysis) is common, occurring in 50 per cent of the cases, and 
is due to the highly vascular papillary masses of mucosa which may line the 
cavity or to erosion of vessels passing through the cavity. LipiodoL intro- 
duced into the bronchial tree outlines with beautiful distinctness the bronchial 
dilatations in a roentgen-ray picture, and has served to show the bronchiectatic 
nature of many cases of supposed tuberculosis and chronic bronchitis. 

Congenital Bronchiectasis. — This rare condition is often called congenital 
cystic lung. It occurs in children. The lung is occupied by cysts of varying 
size lined by epithelium which may be cubical and ciliated or flattened. The 
condition is probably a congenital dilatation of the small bronchioles. The 
bronchi develop as mesodermal buds which become canalized. If canalization 
does not occur at some point, but does occur distal to that point, an isolated 
segment will be formed lined by bronchial epithelium which secretes fluid 
and forms a cyst. The cyst may be single or multiple, small or large. The 
child suffers from severe attacks of dyspnea and cyanosis due to rupture of a 
superficial cavity and the production of a spontaneous pneumothorax. One 
of these attacks is likely to be fatal. 

TUBERCULOSIS OF THE LUNGS 

The general problem of tuberculosis has already been discussed in 
(Chapter VII, and in order to avoid needless repetition the reader is 
referred to that account for a consideration of such questions as the 
niethc^d of infection, primary and secondary infection, the relation of 
the type of lesion to the age of the patient, etc. Some of the conclusions 
will be briefly summarized here. 

Tuberculosis of the lungs is the commonest of all forms of tuberculo- 
sis, partly because by whatever route the bacilli enter the body they 
pass mi the lymphatics to the venous blood stream and thus reach 
the lungs, partly because the lungs arc especially exposed to direct 
infection. In the adult the infection is nearly always of the human 
type, and is therefore acquired by inhalation. The inhalcil material 
may be infected dust or infected droplets of sputum. Children may 
place infected material in the mouth and this may be inhaled into the 
bronchioles and alveoli. 

The incubation period in so chronic a disease as pulmonary tuberculo- 
sis is difficult to determine, but it may be much shorter than anticipated 
as the following case in my own experience illustrates. A young man’s 
tuberculin test was negative on June 25th. On July 12th he commenced 
animal experiments involving the use of living tubercle bacilli. On 
August 8th he developed general symptoms suggestive of infection and 
slight pain in the chest on breathing. On August 24th the tuberculin 
test was positive, on September 4th the roentgen-ray film was positive, 
and on October I7th the sputum contained tubercle bacilli. 

Infection may spread from the original focus by the lymphatics, air 
passages, and blood stream. 
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1. Lymphatic spread is of special importance in the primary form. 
The lymphatics are perivascular and peribronchial and so are the 
lesions, which form a staphyloid group of tubercles around a central 
artery or bronchus. Such groups are often seen in the neighborhood of 
a caseous area. One of the tubercles may break through the wall of 
the bronchus or artery and rupture into its lumen causing a bronchial 
or blood spread of the infection. 

2. Bronchial spread may occur when a focus opens into a bronchus 
(Fig. 205), and during the later stages infected material must be con- 
tinually inhaled from one part 
of the lung to another, setting 
up fresh areas of broncho- 
pneumonia. The massive 
forms of tuberculosis such as 
tuberculous caseous pneumonia 
are mainly due to this bron- 
chogenic spread. 

3. Hematogenous spread is 
caused by rupture of a focus 
into a bloodvessel, usually a 
vein. This may cause miliary 
tuberculosis of the lungs as well 
as throughout the rest of the 
body. 

The question of primary 
and secondary infection (re- 
infection) and the relation of 
age to the type of lesion are 
closely connected. It is cus- 
tomary to speak of the child- 
hood and adult types of infec- 
tion, but it is time that these 
terms are given up. The 
primary complex, i, e., the 
reaction in tissues not sensi- 
Fig. 205. — Tul^rclc rupturiiiK into a bronchus. I'lzed tO tuberculo-protein, USed 
X Go. to develop in nearly every 

child, but now in many places 
not more than 10 or 15 per cent of children develop the infection, as 
shown by the tuberculin test. More primary infection now develops 
in adults than in children, and it is equally harmless in the great 
majority of cases. Primary infection is characterized by the Ghon 
lesion, seen in its active form in the child, in its healed (calcified) 
form in the adult. The secondary lesions of reinfection show a great 
variety of types, depending on the size of dose and the degree to 
which allergy or immunity hapf)ens to dominate the picture. The 
distinction between these two processes has already been insisted on 
in the general discussion of tuberculosis. 



TUBERCULOSIS OF THE LUNGS 447 

Ssrmptoms. — The symptoms of pulmonary tuberculosis are both general 
and local. The chief general symptoms are fever, loss of weight, asthenia, 
night sweats, and anemia. Among the local symptoms are cough, expectora- 
tion, hemoptysis (spitting of blood), and pain in the side. There are physical 
signs of consolidation of the lung and cavity formation. 

A. Primaxy Infection.— The primary lesion is a small caseous focus, 
seldom more than 1 cm. in diameter, usually though not always single, 
and situated in any part of the lung. In this it contrasts sharply with 
the secondary lesion which nearly always makes its first appearance 
at the apex. The primary lesion may be in the lower lobe and is often 
at the periphery of the lung. (Fig. 206.) The caseous center becomes 
surrounded with a fibrous cap- 
sule. Calcification and some- 
times ossification occur, and 
the healed lesion is repre- 
sented by a small scar or 
calcified nodule. Foci in the 
regional lymph nodes also 
become encapsulated and cal- 
cified, but some caseous 
material usually persists and 
may harbor viable tubercle 
bacilli for many years. Spread 
occurs primarily along the 
lymphatics, so that the regi- 
onal lymph nodes are enlarged 
and caseous, again in contrast 
to what is found in secondary 
lesions. A chain of tubercles 
can be traced from the primary 
lesion to the infected lymph 
nodes. One of the caseous 
nodes may open into a blood- 
vessel and cause general mili- 
ary tuberculosis. 

The patient with primary 
infection either recovers or 
dies; the disease does not become chronic, nor is there any cavity for- 
mation. If recovery takes place there is healing of the pulmonary and 
the glandular lesions by encapsulation with subsequent calcification. 
These healed primary lesions are most readily detected at autopsy by 
taking roentgen-ray pictures of the lungs, but calcified subpleural nodules 
may also be felt. Sometimes actual bone is formed in the primary lesion . 
The results of healing are: (1) calcified parenchymal and lymph node 
foci; (2) a state of allergy shown by the tuberculin test. About one-half 
of the population of the United States is tuberculin-positive. If healing 
fails to occur there may be general blood infection (miliary tuberculo- 
sis) or invasion of a bronchus with rapidly fatal bronchopneumonia. 



Fig. 20(). — Aetivo Ghon lesion. There is a 
subpleural caseous lesion in tiie lower lobe. 
The lymph nodes at the hilus are enlarged 
and caseous. Miliary tubercles are scattered 
through the lung, especially in the lower lobe. 
Some of the upper lobe has been removed. 
Death was due to general miliary tuberculosis. 
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The course of the disease depends on such factors as size of dose and 
protection against frequent reinfection. 

Ej^tyherculosis is a clinical term applied to certain tuberculin-posi- 
tive children who develop a characteristic wedge-shaped a:-ray shadow 
with the base at the pleura and the apex at the hilus that appears 
suddenly or slowly and then gradually disappears. Although the lesion 
may be extensive, the symptoms are remarkably mild, and the child 
may feel perfectly well. The condition is therefore usually discovered 
accidentally. A similar shadow can be produced experimentally by 
injecting dead tubercle bacilli into the bronchial tree of an allergic 
animal; this causes a tuberculous pneumonia which clears by resolu- 
tion. Human epituberculosis is probably a similar t>pe of mild pneu- 
monitis caused by a caseous node discharging into a bronchus a mass 
of tuberculo-protein and dead bacilli together with a few viable bacilli. 

B. Reinfection.— This is usually an infection from without (exo- 
genous), but it is probable that endogenous infection may occur from 
a primary lesion which has failed to heal. There is a curious immunity 
between the ages of five and fifteen, and death from pulmonary tuber- 
culosis during these years is extremely rare. The reaction of the now 
allergic tissues is quite different from that of the primary infection. 
The right lung is attacked much more often than the left, and the 
lesion is nearly always just below the apex. 

This remarkable apical localization is characteristic of secondary as 
opposed to primary infection. All sorts of fanciful explanations have 
been offered, but the most satisfying and that which agrees best with 
obsen^ed facts is the one offered by Dock, which is based on the low 
pulmonary arterial pressure at the apex owing to the height of tin* 
column of blood from the right ventricle to the apex when the patient 
is erect. It is now known that the pressure at the apex is practically 
nil when an adult is in the erect posture. In tall, long-chested persons, 
notoriously susceptible to tuberculosis, the mean pressure will b(? 
negative. As a consequence there will be no production of tissue fluid 
or lymph in the erect posture, immune bodies will not reach the part, 
removal of oxygen from the alveoli will be minimal, and tubercle 
bacilli reaching the part will find optimum conditions for growth. 
Patients with mitral stenosis are almost immune from apical tuberculo- 
sis, and in them the pulmonary arterial pressure is sufficiently high to 
supply the needs of the part. On the other hand the disease is remark- 
ably common in congenital stenosis of the pulmonary valve, a condi- 
tion which produces the lowest known pulmonary arterial pressure. 
The higher incidence of right-sided apical lesions can be explained by 
the fact that the right pulmonary artery is longer and narrower than 
the left, winds around the aorta, and breaks into lobar branches at 
some distance before reaching the hilum of the lung. When ulceration 
or intense peribronchial inflammation occurs there is extensive hyper- 
plasia of the bronchial arterial system with its high systemic blood- 
pressure, so that conditions become favorable for healing. These 
considerations explain and emphasize the importance of rest in the 
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recumbent posture in the treatment of pulmonary tuberculosis. As 
Dock puts it, “it is the erect posture, maintained for many consecutive 
hours, which has given man an 'Achilles’ heel’ through which the acid- 
fast arrow may pass.” In other parts of the lung and in other organs 
an abundant blood supply under adequate pressure is an essential 
factor in the acquired immunity of civilized man to the tubercle 
bacillus. 

The result will depend on the size of dose and the degree of resistance. 
If the dose is small and the resistance high there will be complete 
healing or a quiet fibrocaseous lesion at the apex. If resistance is not 
so good there may be rapid excavation, and as the result of cavity for- 
mation bronchogenic spread may readily occur. At this stage spread by 
the lymph stream and blood is comparatively rare, so that lesions in 
lymph nodes are insignificant. If the dose is large and resistance low 
there will be a widespread tuberculous caseous pneumonia with fatal 
termination. If a massive dose is discharged from a caseous gland into 
the blood stream there will be a general miliary tuberculosis. 

The principal distinctions between the primary and secondary 
infections are the lack of any constant site in the primary form, caseous 
involvement of the lymph nodes, and the absence of liquefaction and 
cavity formation. 

1. Healing With Fibrosis.— This is by far the commonest course for 
the infection to run, as shown by the nearly constant presence of old 
tuberculous scars at the apex of one or both lungs in persons who come 
to autopsy. Just below the apex there is a small depressed pigmented 
scar which can often be better felt than seen, and is frequently adherent 
to the chest wall. The black pigment consists of carbon particles 
contained within phagocytes which have been arrested because of the 
blockage of the lymphatics by the fibrosis. Lime salts are generally 
present, and can either be felt or demonstrated in the roentgen-ray 
film. It may be noted in passing that radiographic evidence of calci- 
fied pulmonary nodules may be found in two other types of infection, 
namely coccidioidomycosis and histoplasmosis. Microscopically there 
may be nothing to see save a pigmented scar (Fig. 207), but sometimes 
the center may be caseous with a dense zone of fibrous tissue outside. 
In such a lesion definite tubercles or sometimes merely small collections 
of lymphocytes may serve to indicate that the infection has not yet 
died out, as can be proved by animal inoculation, and if the resistance 
of the patient is lowered by starvation, prolonged exhaustion, influenza, 
etc., the infection may again awaken into activity. The pathologist 
will therefore not be misled by the term “healed tubercle.” 

Whilst healed tuberculosis is the common cause of pulmonary calcifi- 
cation, it is not the only cause. Many persons with pulmonary calcifi- 
cation have a negative tuberculin reaction. In certain areas, particu- 
larly in the Mississippi basin, in which histoplasmosis is endemic, 
large numbers of such persons give a positive reaction to intradermal 
histoplasmin tests. It is possible, therefore, but by no means proved, 
that in these regions calcified nodules in the lung may be due to mild 
29 
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or subcHnical infection with Ilistoplasrna capsulatum. The specificity 
of the histoplasmin reaction has still to be verified. 

2. Chronic Fibrocaseous Tuberculosis. — The characteristic reaction of 
a body already infected with tuberculosis to an additional heavy dose is 
breaking-down of the caseous tissue and the formation of a cavity. 
This is evidence of an allergic condition of the tissues^ and is in no way 
connected with immunity. The softened tissue is discharged into a 
bronchus and coughed up in the sputum. When the disease has 
reached this stage it is called ‘‘open tuberculosis,” and tubercle bacilli 
are found in the sputum. The bronchial wall is involved in the soften- 
ing and undergoes dilatation, so that the cavity is formed partly as the 
result of caseation and softening, partly as the result of bronchiectasis. 
The first cavities are formed at the apex, and these are always the 



Fig. 207. — A healed tuberculous nodule in the lung. 


largest, but as the disease progresses other cavities may be formed in the 
lower lobe. The formation of a cavity is due to the elastic outward 
pull on an area of softening; this explains its regular outline in the 
roentgenogram and its comparatively sudden development. The wall 
of the cavity is smooth, quite unlike the ragged lining of an acute 
cavity. It may be traversed by bronchi and bloodvessels, and erosion 
of the latter may lead to serious or even fatal hemorrhage (hemoptysis). 
In addition to the main areas of caseation and cavitation there are 
small acinar lesions on the outskirts, composed of yellow caseous acini 
surrounding a terminal bronchiole. The older these are the more are 
they fused together into larger masses, the younger and more distant 
they are the smaller are they likely to be. They are formed by invasion 
of the terminal bronchioles by tuberculous granulation tissue so that 
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the corresponding acini collapse and become filled with an exudate 
which in turn becomes caseous. Just as the acinus is the fundamental 
unit of lung structure, so the acinar lesions form the fundamental units 
of the pathology of pulmonary tuberculosis. 

So far we have spoken as if the disease were a steadily progressive 
one, but such is by no means the case. There is fibrosis as well as 
caseation, and this fibrosis is seen as a thickening of the bronchi, 
bloodvessels, and pleura, and as numerous white strands on the cut 
surface. Chronic cavities have a thick and fairly smooth wall. (Fig. 
208.) Healing of a cavity may occur; this may take place either by 



Fig. 208. — Pulmonary tuberculosis showing cavity formation and fibrosis. 


scarring or by the cavity becoming filled with caseous material. A 
cavity of large size, as seen by a;-ray, may entirely disappear. Some- 
times a cavity may undergo healing in the clinical sense, i. e., it no 
longer produces sputum filled with tubercle bacilli, and yet remains 
open, communicating with a bronchus. The caseous lining is shed, the 
tuberculous granulation tissue becomes fibrosed, and the inner surface 
of the wall may become epithelialized. A cavity may heal in the 
pathological sense as the result of occlusion of the draining bronchus, 
either by obstructive caseous bronchitis, or by the formation of a 
caseous plug. When the lungs are freed from the normal pull of the 
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chest by artificial pneumothorax they retract owing to their elasticity, 
and the cavity shares in this process and tends to collapse and become 
obliterated. The usual result 5s a solid nodule due to the retention, 
inspissation and calcification of the contents of the cavity. Pleural 
adhesions are very common, especially at the apex, and there may 
be patches of recent pleurisy. All of this indicates a good defense, 
and the disease may either remain stationary or may retrogress to a 
marked degree if the patient receives the best treatment (sanatorium, 
artificial pneumothorax, etc.}. This is the form of tuberculosis which 
can be treated with such encouraging results, especially in the early 
stages. The bronchial lymph nodes are either not involved or only to 
a slight degree. The five chief characteristics of this type of pul- 
monary tuberculosis are: (1) consolidation and caseation, (2) cavity 
formation, (3) acinar lesions, (4) fibrosis, (5) relative escape of the 
tracheo-bronchial lymph nodes, which contain very few bacilli. 

The microscojnc 'picture varies 



in different places. The basic 
lesion is the tubercle, consist- 
ing of epithelioid cells and 
lymphocytes with the usual 
addition of caseation and 
giant cells. As the tubercles 
fuse to form larger masses 
caseation becomes marked. 
Much of the elastic tissue 
remains intact and holds the 
caseous material together, but 
when secondary pyogenic in- 
fection occurs this tissue is 
destroyed so that softening 
soon develops. If the section 
is stained to show reticulum 
fibers an abundance will be 
seen between the cells of the 
inflammatory exudate, in sharp 
contrast to what is found in 
the next form. Proliferation 


Fio. 209.— Pulmonary tuberculosis. Con- of fibroblasts and fibrosis are 

solidation of the entire lung from casque marked, especially in 

pneumonia with acute cavity formation m a ^ ^ • 

boy, aged fifteen years. those cases where resistance 

is good. The arteries may 
show an endarteritis obliterans which narrows or even closes the 


lumen, and this prevents hemorrhage if the wall of the vessel should 
become ulcerated. The bronchi show inflammatory changes. The 
surrounding alveoli may contain a cellular exudate, and in the more 
fibroid forms the alveolar epithelium may become cubical and gland- 
like. 


3. Acute Tuberculous Caseous Pneumonia.— This is an acute form of 


TUBERCULOSIS OF THE LUNGS 


453 


the disease in which infection overwhelms resistance and sweeps 
through the lung, so that it gives rise to the clinical picture of galloping 
consumption or acute phthisis (wasting). The lesions ulcerate through 
the walls of the bronchi in many places and the infection is widely 
spread throughout the lung by inhalation. The lesions no longer 
remain discrete as they tend to do in the previous form, but fuse 
together to form large caseous areas which may involve the whole of a 
lobe or even the entire lung and give a pneumonic appearance like 
that of gray hepatization, so that the condition is called caseous pneu- 
monia. (Fig. 209.) Acute cavities may form in the consolidated 
tissue, but these are seldom very large, and have the ragged lining 
characteristic of such cavities with none of the fibrous capsule which 
shuts off a chronic cavity from the surrounding lung. Pleurisy and 
bronchitis are present. The tracheobronchial lymph nodes are 
enlarged and caseous, for the lung is unable to hold back the bacilli 
which reach the nodes in great numbers. 

The microscopic picture is one of rapid caseation and destruction 
with no evidence of resistance on the part of the tissues. The alveoli 
are filled with an acute cellular exudate, mainly mononuclear in type, 
which rapidly becomes caseous so that all detail is lost. Elastic tissue 
is destroyed, and no reticulum fibers are formed between the cells in 
the alveoli. Neither giant cells nor fibrosis are in evidence. Smears 
of the exudate and sections of the lung show enormous numbers of 
tubercle bacilli, far in excess of what is seen in any other form of 
pulmonary tuberculosis. 

4. Acute Miliary Tuberculosis.— If a caseous tuberculous focus dis- 
charges its contents into a bloodvessel the body is flooded with tubercle 
bacilli. A caseous bronchial lymph node may become adherent to a 
branch of the pulmonary artery and open into that vessel, in which 
case only the affected lung may show the tubercles. More often the 
vessel is a vein, and then tubercles are found in all the organs as well 
as in the lungs, the patient often dying of tuberculous meningitis. 

The lungs are intensely congested and studded with minute tubercles, 
many of which can only be seen with the aid of a magnifying glass. 
At first the lesions are pale and translucent, but as caseation develops 
they become yellow and opaque. Microscopically the tubercles are 
seen to be everywhere in the fibrous framework of the lung, but the 
intervening alveoli are either empty or contain catarrhal cells. (Fig. 
210.) The tubercles present the usual caseous center, epithelial cells, 
lymphocytes, and giant cells. 

A distinction must be drawn between tuberculous bacillemia and 
general miliary tuberculosis. A varying degree of bacillemia occurs 
in every case of tuberculosis; it is by this means that discrete foci in 
bone, kidney, etc., are set up. But it is only when resistance is over- 
whelmed that the condition becomes miliary tuberculosis, and it is 
overwhelmed because of the massive size of the dose, especially if 
this dose be continually repeated. 

Miliary tuberculosis may occasionally be chronic and the lesions 
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may undergo healing by fibrosis. What has been called chronic dis~ 
seminated tuberculosis is a condition in which fibrous areas are scattered 
throughout the lungs; some of these may still show eyidence of active 
infection, whilst in others all such evidence has been lost. The original 
infection is extrapulmonary in origin, coming probably in small doses 
from such sites as bones, lymph nodes, and the genito-urinary system. 
These foci of infection may remain latent for years, and then from time 
to time give rise to bacillemia and metastatic lesions. Emphysema 
may develop around the fibrous patches, and rupture of the emphy- 
sematous bullae may cause pneumothorax, which is sometimes fatal. 
A cardinal feature of this form of tuberculosis is the disproportion 
between the comparatively trifling clinical features and the radio- 
graphic evidence of apparently grave disease. 



Fig. 210. — Acute miliary tuberculosis of the lung. Between the tubercles the lung tissue 
is practically normal. X IS. 


The Relation of Symptoms to Lesions.— The general symptoms (fever, loss 
of weight, asthenia, etc.) are due to the absorption of toxins. They become 
more marked when secondary infection is added to the pure tuberculous 
infection. Cough is a bronchial symptom due to inflammation of the larger 
bronchi, the walls of which are much more sensitive than those of the bronch- 
ioles. Pain in the side is due to a tuberculous pleurisy. The character of the 
sputum depends entirely on the form which the lesions take. In miliary tuber- 
culosis there may be no sputum. As long as the lesion remains closed the 
sputum remains scanty and contains no tubercle bacilli. When cavities form 
the sputum becomes abundant and purulent and contains numbers of bacilli. 
It should be remembered that unless the bacilli number 100,000 per cc., of 
sputum they will probably not be seen with the ordinary Ziehl-Neelsen method. 
Guinea-pig inoculation is a thousand times more sensitive. The appearance 
of elastic tissue fibers in the sputum indicates lung destruction. Hemoptysis 
marks the end of the beginning or the beginning of the end. In the early 
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stages there may be erosion of a small vessel in the process of softening. In 
the late stages a large artery crossing a chronic cavity may give way causing 
a severe and possibly a fatal hemorrhage. 

The physical signs depend on the character of the lesions. The consolidation 
and cavitation of the fibrocaseous form are indicated by dulness on percussion, 
increased tactile fremitus, and blowing breathing which may become amphoric 
over a large cavity. All these signs are diminished if the pleura is much thick- 
ened. There is not the wooden dulness of lobar pneumonia except in the 
caseous pneumonic form. Moist rales intensified by coughing (post-tussic) 
indicate breaking-down of caseous material; they become coarser as the 
cavities enlarge. A pleural rub may be present in the early stages, but not 
when extensive adhesions have formed. In the miliary form it will not be 
possible to detect any evidence of consolidation and auscultatory signs will 
be absent, but the tiny consolidated areas are easily seen in the roentgen-ray 
picture. Small calcified lesions, Ghon lesions, and, of course, more extensive 
consolidation and cavity formation are clearly shown by the roentgen-rays. 

Complications such as empyema, pneumothorax due to the rupture of a 
subpleural cavity, and tuberculosis of the larynx need only be mentioned here, 
as they are considered elsewhere. 

Broncholithiasis. -Known also as bronchial calculus and lung stone, this 
term signifies the presence of calculi in a bronchus. The usual origin is a 
caseous tuberculous focus in the lung or lymph nodes or the inspissated pus 
of an old lung abscess. The calculus erodes through the bronchial wall, or 
it may be formed within the lumen of the bronchus. The calculi, which are 
often multiple, are hard and irregular. They may be expectorated, or may 
remain within the bronchial lumen and cause obstruction. 



Fia. 211. — Congenital syphilis of the lung. X 300. 


SYPHIUS OF THE LUNG 

Syphilis of the lung may be congenital or acquired. The former is much 
commoner and much more characteristic than the latter. 

The congenital form is seen in syphilitic infants. The child is either born 
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dead or dies in a few days. The lung or part of it is consolidated so that it 
sinks in water, and is of a pale gray color. For this reason ^e condition is 
called pneumonia alba. It is an interstitial pneumonia caused by enormous 
number of spirochetes scattered through the lung, with the formation of a 
large amount of cellular fibrous tissue. (Fig. 211.) The alveoli are small, 
separated by the fibrous tissue, and lined by cubical epithelium so as to have 
a gland-like appearance. The picture is one of arrested development rather 
than active inflammation. I have seen nodular lesions, like gummata in the 
gross. 

The acquired form is very uncommon, although the clinician often makes the 
diagnosis on a combination of a positive Wassermann test and roentgen-ray 
shadows. The lesions may take one of three forms. (1) Ulceration of a bronchus 
with subsequent stenosis is probably the commonest and the most clearly 
defined of the lesions. There may be severe hemoptysis owmg to erosion of 
a vessel. When heaUng occurs the mucous surface may be scarred like a rope- 
ladder, and contraction of the scar tissue will lead to narrowing of the bronchus 
and collapse of one or more lobes of the lung. (2) Gummata may be scattered 
through the lung. They heal with scarring, but it is very difficult to be certain 
if old scars in the lung are syphilitic. (3) A diffuse fibrosis is the most difficult 
form for the pathologist as well as the clinician to diagnose. The usual non- 
pathognomoiiic histological picture of syphilis is reproduced. 

MYCOTIC INFECTIONS OF THE LUNG 

Mycotic diseases of the lung due to the higher fungi are easily confused with 
tuberculosis even in the autopsy room, for caseation and cavity formation 
are among the chief features. The only certain method of distinction is the 
finding of the organisms in the tissue. 

Blastomycosis.—This is probably the commonest of the pulmonary mycoses. 
The spores may be inhaled directly, or infection may spread by the blood 
stream from skin lesions to the lung. The lesions (consolidation and cavita- 
tion) are very much like those of tuberculosis, but there is more suppuration 
and giant-cell formation. The blastomycetes are seen in the microscopic 
sections in large numbers and also in the sputum and pus. The prognosis is 
far worse than in tuberculosis. 

Actinomycosis.— The actinomyces are inhaled into the lung or spread from 
the mouth. They never spread by the blood stream. The lesions are like 
those of fibrocaseous tuberculosis, but instead of cavitation there is abscess 
formation. Moreover the lower lobe is most often involved. As usual the 
disease spreads by contiguity, not by the lymph or blood stream, so that it 
extends to the chest wall, spine, and through the diaphragm, forming numerous 
sinuses, but not involving the bronchial lymph nodes or distant organs. The 
fungus is found in the ^‘sulphur granules’’ in the pus and sputum. The disease 
is usually fatal in from six months to a year. 

Streptothricosis.- A rare infection by a branching fungus. The pulmonary 
lesions are of the septic type— abscess, gangrene and bronchiectasis. The 
infection may spread by the blood stream to the brain and elsewhere. 

Aspergillosis.— This is caused by Aspergillus fumigatus, a filamentous fungus 
with a basal stem and a stalk supporting a spore-i)earing head. The disease 
occurs amongst bird fanciers, pigeon stuffers, and other grain handlers. The 
lesions are similar to those of tuberculosis, with necrosis and cavitation. Mats 
of mycelial threads may be seen in some areas. The x-ray picture may suggest 
miliary tuberculosis or silicosis. 

Coccidioidomycosis.— This condition is discussed on page 187. 

CIRCULATION DISTURBANCES OF THE LUNG 

Active Congestion.— This is rather an ill-defined condition which 
may be the result of irritating gases or the initial stage of an acute 
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inflammation. The vessels in the alveolar walls are distended with 
blood. 

Passive Congestion.— In passive congestion the dilatation of the 
vessels is a passive affair due to mechanical causes. Two forms are 
recognized: (1) brown induration^ a chronic process, (2) hypostatic 
congestion, usually a terminal one. 

Brown Induration.— This is due to some central obstruction to the 
circulation, and is best seen in mitral stenosis, the blood accumulating 
in the lung. The lungs are voluminous, russet-brown in color, totigh, 
and indurated (brown induration). Microscopically the lung is filled 
with blood, the alveolar vessels being widely distended, and the 
alveoli containing many red blood cells. The characteristic feature is 
the presence of great numbers of large phagocytic cells filled with 
yellow pigment. These cells are known as heart failure cells even 
when they occur in other than cardiac conditions, and are probably 
derived from the histiocytes (reticulo-endothelial cells) of the alveolar 
walls, not from the pulmonary epithelium as is supposed by some. 
The pigment is hemosiderin, derived from the red blood cells in the 
alveoli, and gives the Prussian blue reaction for iron. There is also a 
marked inciease in the connective tissue of the lung, which is partly 
responsible for the toughness and induration. The alveolar walls are 
thickened, so that the vascular endothelium is separated from the air 
in the alveoli. This interferes with oxygenation of the blood, and is 
responsible for some of the dyspnea of mitral stenosis. Hemoptysis is a 
common symptom of mitral stenosis, and is due to the hemorrhage into 
the alveoli. 

Hypostatic Congestion.— hn accumulation of blood in the lower and 
posterior part of the lung is found at every autopsy, and is due to 
relaxation of the vessels after death plus the force of gravity. A 
much more advanced condition is found in patients with some debilitat- 
ing illness and weak heart’s action who have been kept on their back. 
The dependent part of the lung may appear to be consolidated, so 
that without the microscope it may be impossible to tell if the con- 
dition is hypostatic congestion or hypostatic pneumonia. The air in 
the alveoli is replaced by plasma and red blood cells, but a pneumonic 
process may be added as the result of terminal infection. 

Edema.— A slight degree of pulmonary edema is almost as common 
as congestion and may be seen at the base of the lung in nearly every 
autopsy. It is due to failure of the heart as the patient is dying. 
Pronounced edema may take two main forms, inflammatory and 
mechanical. 

Inflammatory Edema.— This forms a part of any inflammatory 
exudate, the plasma readily passing from the vessels into the lumen 
of the alveoli. The amount varies depending on the irritant. It is 
very abundant in influenzal pneumonia, where the lung becomes 
water-logged. A varying amount of the plasma is converted into 
fibrin, the proportion being extremely large in pneumococcal pneu- 
monia. The increased capillary permeability characteristic of shock 
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results in edema. Many cases of so-called terminal edema are of this 
nature. 

Mechanical Edema. — This variety is due to chronic heart failure. 
The edema is due, as Welch showed in experimental work on animals, 
to a disproportion between the working power of the two ventricles. 
If the left ventricle fails more rapidly than the right, the pulmonary 
vessels become distended and plasma leaks through the capillary 
walls into the alveoli. If we ask why the fluid leaks through, we find 
ourselves confronted with the difficult problem of edema which has 
already been discussed in Chapter III. 

Pulmonary edema of the mechanical type is naturally a chronic 
condition. An acute 'pulmonary edema may occasionally develop, for 
which no adequate cause can be found at autopsy. The patient usu- 
ally has chronic nephritis or high blood-pressure, and it appears as if 
some sudden strain had been thrown on the left side of the heart. An 
acute and fatal pulmonary edema may follow a surgical operation; I 
have seen this accident occur in a simple appendectomy. In rare 
cases acute edema of the lung may come on after removal of a pleural 
effusion. Here the lung which has been compressed for a long time 
suddenly expands, and for some reason fluid pours from the vessels 
into the alveoli. 

The gross appearance of the lung is characteristic. It is voluminous, 
heavy, firm, or doughy, and sho^vs marked pitting on pressure. In 
the mechanical variety the edema is most markecl in the dependent 
parts of the lung (base and posterior border). The consolidation may 
be so marked as to simulate pneumonia, but steady pressure will 
force the fluid out and leave the lung soft. When the lung is cut and 
squeezed, water pours from the cut surface and from the bronchi. 
If the condition is very marked as in influenzal pneumonia or acute 
edema of the lung the fluid pours out of the water-logged organ without 
any pressure being used . The color of the fluid depends on the presence 
or absence of congestion. If this is marked the fluid is bloody, if 
absent the fluid is clear and watery. 

The microscopic picture is that of alveoli filled with fluid coagulated 
by the fixative. (Fig. 212.) The more albuminous the fluid, the more 
intensely does it stain with cosin. If the fluid has a very low protein 
content (mechanical edema), it may tend to be washed out by the 
fixative. In such cases the edema is best demonstrated by fixing the 
tissue for a few moments in boiling formalin which coagulates the 
fluid in situ. The material which fills the alveoli appears as a hyaline 
sheet, but sometimes it is granular. In inflammatory edema there may 
be a varying amount of fibrin formation. 

Embolism and Infarction.— This subject is fully discussed in con- 
nection with the general question of embolism in Chapter III. The 
thrombosis which precedes the embolism is often postoperative, espe- 
cially after operations on the female pelvis, but the condition is even 
more frequent in purely medical (chiefly cardiac) cases. The first 
embolus may prove fatal. As a rule, however, a fatal embolus is 
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preceded by a number of smaller emboli which can be detected clin- 
ically and recognized as danger signals. In this case the use of anti- 
coagulants such as heparin and dicumarol can arrest the formation of 
thrombi in the veins and thus protect 
the patient against fatal embolism. In 
practice this procedure has proved 
extremely valuable. Ligation of the 
veins in the leg has a similar effect. 

If the embolus is large and blocks a 
main artery death may occur in the 
course of a few minutes from shock. In 
this case there is no time for an infarct 
to be produced. When the embolus is 
smaller a red infarct is formed with 
hemorrhage into the alveoli, hemop- 
tysis, and pain in the side due to a 
patch of pleuris^'^ over the infarct. When 
the infarct is larger there may be a 
hemorrhagic pleural effusion. As re- 
covery takes place the infarct is partly 
absorbed, partly replaced by a scar 
which can seldom be detected if the 



patient dies later. If, however, formalin 
IS instilled into the trachea and the 


Fig. 212. — Edema of the lung. 
The acini are filled with albuminous 
fiuid. X 150. 


lungs are then inflated to their original 

size, healed infarcts can often be demonstrated. Chronic pleuritis and 
puckering are easily mistaken for healed tuberculosis. Persistenee of 
elastie tissue and the demonstration of an organized embolus help to 
distinguish a healed infarct from tuberculosis. Further details will be 
found in Chapter III. 


Fat Embolism.— As a result of fracture, crushing injuries, and traumatic 
lesions of fat, globules of fat may enter the torn veins and be carried to the 
lungs. Here they seldom do much damage, but if present in very large amount 
there may be dyspnea and prostration. The gross appearance of the lung is 
normal, but in frozen sections stained for fat, globules and cylinders are seen 
in the capillaries. If the fat passes through the lung it may reach the kidneys 
and be excreted, or it may lodge in the brain with fatal results. 


ATELECTASIS 

Atelectasis literally means incomplete expansion (ateles, incomplete 
+ ektasis, expansion), but it is now synonymous with collapse of the 
lung. This may be: (1) congenital, (2) compression, or (3) obstructive. 

Congenital Atelectasis.— This is the only form of collapse which 
deserves to be called atelectasis, for the alveoli have failed to expand. 
It is seen in the stillborn child who has never breathed, and in children 
who live only a few days and never breathe well, the lung shows many 
areas of atelectasis. The lung is dark, firm, and airless. If only a 
part is collapsed, that area is depressed below the surrounding surface. 
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The collapsed lung sinks in water, a convenient practical test to deter- 
mine if tie child has breathed. The lung may have to be cut into 
separate pieces, for a small part may have become expanded. It is 
commonly stated that the alveolar epithelium of the full term fetus is 
cuboidal in form, giving the alveoli a gland-like appearance. This is 
not correct. It is true for the earlier stages of development, but after 
the fifth month the cuboidal epithelium begins to disappear and the 
alveoli to be opened up. The diflFerence between the lung which has 
inhaled air and the one which has not is quantitative rather than 
qualitative. As the result of extra-uterine respiration the alveoli are 
more fully distended and their walls are thinner than if the child has 
never breathed. If the body has been kept for some time in a warm 
room the lung may fioat due to the production of gas by putrefying 
bacteria. In such cases bubble-like areas are seen microscopically in 
the septa and alveoli; these are easily distinguished from alveoli 
partially distended as the result of intra-uterine respiration. 

Compression Atelectasis.— Pressure on the lung drives out the air 
and produces collapse. This may be complete when the pressure is 
great and uniform as in massive pleural effusion, empyema, and pneu- 
mothorax, but only partial when the pressure is more local as in pressure 
by a tumor, an enlarged heart, or an elevated diaphragm. When the 
pressure is removed the lung will expand again, but lesions may be 
formed (as in empyema) which may prevent re-expansion. 

Obstructive Atelectasis.— In this form two factors are nearly always 
at work, obstruction of a bronchus and weakening of the respiratory 
movements (chest or diaphragm). If obstruction is due to a foreign 
body in a bronchus the second factor will not be present, but usually 
it is caused by an accumulation of mucus in the bronchioles associated 
with poor respiratory movements. If deep breathing and coughing 
were possible the obstruction in the bronchioles would be cleared away. 
This type of atelectasis is commonest in debilitated children sufl’ering 
from bronchitis, bronchopneumonia, etc. Indeed in such children 
even the normal amount of mucus in the bronchioles may lead to 
partial collapse. The two factors are present after an abdominal 
operation, for the anesthetic will stimulate the bronchial secretion, 
and the abdominal section will prevent the patient from breathing 
deeply. In all of these instances the air in the affected part of the lung 
is absorbed into the blood, no more air can enter on account of the 
obstruction, and that part of the lung collapses. 

Acute Massive Collapse.— This peculiar and rare complication is a 
special example of obstructive atelectasis caused by the two factors, 
bronchial obstruction and respiratory weakness. The clinical picture 
is a striking one. From a few hours to a few days after an operation, 
usually abdominal, the patient suddenly develops the symptoms of an 
acute thoracic catastrophe, i. e., extreme dyspnea, marked cyanosis, 
and collapse. There is no respiratory movement on the affected side, 
the heart is displaced to that side, there are physical signs of consolida- 
tion of the lung, and the roentgen-rays show a peculiarly dense shadow 
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and the dome of the diaphragm high and immobile on the side of the 
collapse. 

Massive collapse may occur in a confusing variety of conditions, 
c. g.y after abdominal operations, as the result of severe wounds (non- 
penetrating wounds of the chest, wounds of the abdomen, pelvis, legs), 
and as a complication of diphtheria. As a result of these conditions 
the patient’s respiratory movements are weakened (from shock of 
wounds, etc.), and secretion collects 
in the bronchial passages, especially 
in diphtheria. Chevalier Jackson 
has shown that the symptoms and 
roentgen-ray picture in cases of 
bronchial obstruction by a foreign 
body may be identical with those 
of acute massive collapse, and that 
when the diphtheritic membrane 
is removed by means of the bron- 
choscope the symptoms rapidly clear 
up. The cough reflex is the watch- 
dog of the lungs, and when this 
is interfered with on account of 
debility, abdominal pain, shock, etc., 
plugs of mucus may accumulate in 
the bronchi and give rise to mas- 
sive collapse. It must be admitted 
that we need more light on the 
sudden production of such an ex- 
tensive lesion, and it is possible 
that the above explanation may 
prove to be quite wrong. 

Morbid Anatomy.— The condition of the lung is similar in all forms 
of atelectasis, whether congenital, acquired, or massive. In the mas- 
sive form and in compression due to pleural effusion or pneumothorax 
the entire lung may be so collapsed that it no longer fills the cavity but 
lies against the posterior chest wall and vertebral column like a squeezed 
sponge. If only some parts are affected, these are firm, inelastic, air- 
less, and sunk below the surrounding surface. These areas are steel- 
blue or slate-gray due to stasis of the circulation. 

Microscopically the alveolar walls are pressed together so that the 
lumen is nearly obliterated. (Fig. 213.) In the congenital form the 
fetal structure is still evident. If the coll^se is of long duration fibrosis 
may occur which will prevent full expansion. 

EMPHYSEMA 

Emphysema is the opposite of atelectasis. The word means infla- 
tion, and the alveoli are distended instead of collapsed and their walls 
are atrophic. Emphysema is usually general and affects both lungs. 
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It is a complication of diseases in which there is much coughing or 
violent expiratoiy efforts. It usually comes on slowly as the result of 
chronic bronchitis, pulmonary tuberculosis, etc. Sometimes it is more 
acute in onset following whooping cough or bronchial asthma. It is 
said that the playing of wind instruments is a causal factor, but this 
is probably a myth. If the patient plays in a band he is as likely to 
perform on the big drum as on the trombone. The local form is 
probably compensatory in nature, being found in the neighborhood 
of areas of consolidation and collapse. 

^rbid Anatomy.— The lungs are very voliuninous, very pale, and 
quite dry. The heart may be completely covered, so that there is no 
cardiac dulness on percussion. Large blebs or bullse project on the 



Fig. 214. — Emphysema of lung. Great dilatation of alveoli with breaking down of 

alveolar walls. X 60. 

surface in the more poorly supported regions (apex, anterior margin, 
base). The lung has a peculiarly soft, dry, feathery feel. There is 
marked pitting on pressure due, not to edema, but to destruction of 
the elastic tissue. Microscopically the lung presents a delicate lace- 
like structure. The air vesicles are few in number and of great size, 
the septa between many of the adjacent alveoli being broken down. 
(Fig. 214.) The consequent loss of elastic tissue explains the pitting 
on pressure. In the remaining septa the vessels are greatly parrowed 
if not obliterated. It is this avascularity which is responsible for the 
pallor of the lung and the dryness of the cut surface. It causes serious 
obstruction to the pulmonary circulation. The distention of the 
alveoli and destruction of the alveolar walls is due to the increased 
intra-alveolar pressure during coughing, asthmatic attacks, etc. 
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Effects.— The effects of emphysema are far-reaching and serious. 
The chest has a barrel-shaped appearance, the ribs being raised and 
the sternum pushed forward, so that the antero-posterior equals the 
transverse diameter. The costal cartilages are calcified so that the 
thorax is fixed in an expanded condition. The lungs are hyper-resonant, 
and the area of superficial cardiac dulness obliterated. Respiratory 
movements are diminished, and expiration is diflScult and prolonged. 
Owing to the vascular occlusion there is marked obstruction in the 
pulmonary circulation, so that there is great hypertrophy and dilata- 
tion of the right ventricle and general venous congestion throughout 
the body. The pulmonary artery may show arteriosclerosis, just as it 
does in the obstruction due to mitral stenosis. Dyspnea and cyanosis 
develop, with a compensatory increase in the number and size of the 
red blood corpuscles. One of the emphysematous bullae may rupture 
into the pleural cavity, giving rise to spontaneous pneumothorax. 

Atrophic Emphysema. — This condition is seen in old age (senile emphysema) 
and in wasting diseases. It is not a true emphysema, for there is no distention 
of the alveoli, no enlargement of the lungs, no bullae on the surface. The only 
resemblance lies in the microscopic picture, where there is atrophy and dis- 
appearance of the walls of the alveoli so that large spaces are formed. The 
condition is an atrophy from defective nutrition, and does not deserve to be 
called emphysema. 

Interstitial Emphysema.— This also is not a true emphysema. The air 
escapes from the alveoli and makes its way into the interstitial tissue of the 
lung, particularly along the perivascular sheaths, as a result of which there 
may be serious pressure on the vessels. This is usually due to tearing of the 
lung by a fractured rib, wound, etc., but in children it is sometimes caused by 
over-distention and rupture of the alveoli during the violent paroxysms of 
whooping cough. The air collects in the lymphatics in the form of tiny beads, 
which are best seen under the pleura. It may then pass to the mediastinum 
and from there to the neck and down over the chest wall. The lung and the 
subcutaneous tissues have a peculiar and quite characteristic crackling feel. 

TUMORS OF THE LUNG 

Carcinoma.— Primary cancer of the lung used to be regarded as a 
rarity, but during the last twenty-five years it has become remarkably 
common. Indeed it has been said that “it is important to think of a 
pulmonary neoplasm when a patient in the cancer age, showing no 
symptoms of cardiac, renal or arterial disease, begins to cough and is 
short-winded.” There has been much discussion as to whether this 
increase is real or only apparent, and if real, what has caused it. There 
is no doubt that the number of reported cases has increased enormously 
in recent years, but it appears to me unlikely that there is any real 
increase in the incidence. Goethe once remarked “Was man weiss, 
sieht man,” and particularly in connection with the diagnosis of cancer 
of the lung is it true that what one knows, one sees. The physician 
sees bronchogenic carcinoma because he is thinking about it. The 
surgeon thinks about it when he sees enlarged supraclavicular lymph 
nodes. It is continually in the radiologist’s mind in any obscure chest 
case, although all he may detect is atelectasis or persistent pleural 
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efTusion. The pathologist realizes: (1) that the diagnosis formerly fre- 
quently made of mediastinal lymphosarcoma or mediastinal tumor has 
now to be changed to bronchogenic carcinoma; (2) that the tumor may 
be anaplastic like a sarcoma, adenocarcinomatous suggesting glandular 
origin, or epidermoid suggesting a skin tumor; (3) that the natural 
history of the tumor (metastases to liver, adrenal, kidney, bones and 
brain) is extremely suggestive of a primary pulmonary neoplasm; (4) 
that many cancers of the lung have in the past been mistaken for 
secondaries, the supposed primary being in one of the above-mentioned 
organs; (5) that a bronchial cancer may be represented merely by a 
roughening of the mucosa or a narrowing of the lumen and therefore 
may very readily be missed; and (6) that secondary changes such as 
abscess formation may obscure the true nature of the lesion to such an 
extent that cancer is not even suspected. There is little change in the 
total incidence of intrathoracic growths. Steiner in an analysis of the 
material examined in the department of pathology of the University 
of Chicago during the forty-year period between 1902 and 1941 came 
to the conclusion that there was no real increase in the frequency of 
bronchogenic carcinoma. 

Etiology.— The literature is full of etiological factors, most of which 
are purely fantastic. Only three need be mentioned: tuberculosis, 
influenza, and the inhalation of irritating substances. I do not believe 
that the first two are of any importance. It seems likely that the 
inhalation of an irritant may play a part, but we have no idea of the 
nature of this irritant. The waste products of automobiles and the 
tarring of roads have been blamed, but most of my cases in Winnipeg 
were from the prairies where automobiles are not numerous and tarring 
is unknown. Cases have been reported in persons exposed to chemical 
fumes. It has been suggested that silicosis may cause the disease, but 
the evidence is not conclusive. 

The most interesting etiological facts are those relating to the 
Schneeberg lung cancer. For centuries there has been a very heavy 
incidence of cancer of the lung in workers in the cobalt mines in 
Schneeberg in Saxony, although no cases occurred in persons living in 
the same district but not working in the mines. Here some irritant 
is evidently at work, but the nature of that irritant is still undeter- 
mined. The Schneeberg miners are exposed to mechanical irritation 
from stone dust, to chemical irritation from a dust rich in arsenic 
and other irritants, and to a radio-active emanation in the air. A 
recent example of the same kind of thing is seen in the Joachimsthal 
lung cancer, occurring in workers in pitchblende (radium) mines in 
Joachimsthal in Bohemia, which are only 20 miles from Schneeberg. 
In Joachimsthal 90 per cent of all malignant tumors occur in the lung. 
In conclusion, it should be noted that the disease is very much com- 
moner in the male. 

Symptoms.— The chief symptoms are cough, blood-stained sputum, dyspnea, 
and pain in the chest. These symptoms are due partly to pressure, partly 
to bronchial obstruction. There may be pressure on any of the structures in 
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the chest. Pleural effusion occurs in about 50 per cent of the cases and is 
often blood-stained. Fever and leucocytosis are occasional symptoms which 
tend to confuse the diajpiosis. The diaphragm on the affected side is drawn 
up to a remarkable degree (tenting of the diaphragm) as seen in the roentgen- 
ray film. The film often fails to indicate any tumor, merely showing such 
effects of the tumor as atelectasis, pleural effusion, enlarged mediastinal glands, 
etc. In secondary carcinoma, on the other hand, the tumor itself can be 
readily seen. Although the patient is usually in the cancer age, I have seen 
a number of cases under twenty-five years of age. Bronchoscopic examination 
is of great value; it may show a definite tumor, mucosal roughening, stenosis, 
or merely interference with the normal movements. It may be possiblcT to 
obtain a fragment of tumor for biopsy through the bronchoscope. The breath 
sounds are remarkably absent over the affected area, even though the bronchi 
may not be correspondingly narrowed on bronchoscopic examination. Tumor 
cells may be found in the sputum examined by the wet-film method (smear 
fixed wet in corrosive sublimate). 

Lesions.— Carcinoma of the lung is essentially bronchogenic in origin. 
(Fig. 215.) The gross appearance varies to an extraordinary degree, 
which is one of the reasons why 
in the past the correct diagnosis 
has been so often missed in the 
autopsy room. The most common 
finding is a firm grayish-white 
tumor in the region of the hilus 
showing more or less evident re- 
lation to a main bronchus. It 
may project into the lumen as 
a papillary mass which may block 
the bronchus and cause atelec- 
tasis. (Plate X.) The nature 
of such a lesion is self-evident. 

But it may merely cause a white 
fibrous thickening of the bron- 
chial wall with narrowing of the 
lumen and only a suggestion of 
roughening of the mucosa. If 
one is net familiar with the ex- 
istence of this type of lesion the 

diagnosis will probably be missed. 

Not rarely a microscopic ex- 216.-Origin of bronchogenic carcin- 

amination of the suspected lesion oma from bronchial epithelium. X 75. 
is necessary before a definite re- 
port can be given. The size of the tumor varies greatly. It may be 
no more than 1 to 2 cm. in diameter and yet may have caused large 
and multiple metastases responsible for the death of the patient. 
Usually, However, it extends outward for a considerable distance into 
the surrounding lung, and may fuse with the enlarged bronchial lymph 
nodes. (Fig. 216.) In a relatively small number of cases the tumor 
arises in the peripheral part of the lung from a small bronchus; such 
tumors tend to be more circumscribed, and are those best suited for 
30 
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surgical removal. The rest of the lung may show a few or many 
smaller nodules, representing spread along the lymphatics. 

Secondary changes may greatly alter the gross appearance. These 
changes are atelectasis, bronchiectasis and abscess formation. If a 
main bronchus is blocked a lobe or the entire lung may be completely 
collapsed. Massive pleural effusion often blood-stained may add to 
the collapse. A lobe or a lung may be riddled with bronchiectatic 
cavities, which msiy develop into abscesses. Sometimes the tumor 
itself is so completely destroyed by the abscess that microscopic 
examination is necessary to detect its presence. 



Fig. 216 .— Primary carcinoma of the hinR. Part of the new growth is the lung tumor, 
but part is the greatly enlarged bronchial lymph nodes. 


Two other forms are described, but are of little importance. The 
first is a miliary type, in which tiny nodules are scattered through the 
lung; at least the majority of these cases are secondary to an undis- 
covered primary focus. The second is a diffuse type which resembles 
pneumonia. 

The microseopic appearance is most varied. There is perhaps 
no tumor which is so pleomorphic as cancer of the lung, and this 
explains why in the past it has been so frequently mistaken for other 
tumors. The cells vary from the most undifferential or anaplastic 
to the most fully differentiated. The anaplastic cells may be small round 
cells of the simplest type (Fig. 220) or spindle-shaped like those of a 
spindle-cell sarcoma. They may be oval, as in the '‘oat-cell” type 
of English writers. All of these have commonly been regarded as 
sarcomas (round-cell, spindle-cell, oat-cell) in the past. The more 



Fig. 219 

Figs. 217, 218 and 219. — Bronchial Carcinoma. Fig. 217. — Adenocarcinoma. X 326. 
Fig. 218. — Anaplastic. X 700. Fig. 219. — Epidermoid. X 150. 
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differentiated cells are cubical or columnar in shape, and may be col- 
lected in groups (medullary arrangement) or arranged around gland- 
like spaces into which papillary processes may project (adenocar- 
cinomatous arrangement). Sometimes the tumor cells seem to have 
crept along inside the alveolar walls and formed a new lining for the 
alveoli. Such an appearance has been considered by some workers 
to represent a separate type which they designate as alveolar cell 
carcinoma in the belief that the tumor arises from the cells lining the 
alveoli. It is much more probable that they are of bronchial origin, 
or, as is usually the case, secondary adenocarcinoma from some dis- 
covered or undiscovered focus in another organ (Herbut). Finally the 
differentiated cells may be of the squamous type. (Fig. 221 .) As the 



Fig. 220. — Primary carcinoma of lung of anaplastic type. Easily mistaken fora round- 
cell sarcoma. X 700. 


bronchial epithelium is capable of differentiating in various directions, 
there is no reason to suppose, as has been suggested, that this type 
arises from the cells lining a bronchiectatic cavity which have under- 
gone metaplasia. 

Carcinoma of the lung may therefore be divided into three his- 
tological groups: (1) small cell or anaplastic, (Fig. 218) ; (2) epidermoid 
or squamous cell, (Fig. 219); and (3) glandular. (Fig. 217.) Of these, 
the first two are the most common. The small cell carcinoma occurs 
at an earlier age, spreads widely throughout the lymphatic system and 
by the blood stream, and runs a rapid course. The adenocarcinoma 
also spreads extensively. The epidermoid type is the most favorable 
for surgical operation, for the tumor remains confined to the hilus for 
some time, involvement of lymph nodes is not marked nor does it 
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occur early, and there is little tendency to metastasize by the blood 
stream, spread being local rather than to a distance. Mucin is usually 
present in the adenocarcinomas. It is highly suggestive of cancer of the 
lung, but does not prove an origin from the mucous glands. The stroma 



Fig. 221. — Bronchogenic carcinoma. The oval cells are very characteristic. X 700. 



Fig. 222. — Dilated perivascular lymphatics filled with tumor cells. The lumen of the 
vessel contains red cells. X 176. 
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is very variable. It may be ver^- scanty' or so abundant as to suggest 
scirrlious cancer of the breast. Silver staining shows that the con- 
nective-tissue reticulum separates clumps of tumor cells, but docs not 
penetrate between even the most anaplastic cells, thus indicating that 
these tumors are true carcinomas, however closely they may resemble 
sarcomas. 




Fio. 223. — Diagram to illuntrate aites 
of nietasta.scs in lironchogonio raroinoma. 


Fig. 224. — Adenoma of bronchus, 
X 275. 


Spread.- The tumor tends to spread far and wide and the secondary 
growths may be the first annonncemeiit that there is anything wrong 
with the patient. Spread is three-fold: (1) through the lung, (2) to 
the lymph nodes, and (o) to distant organs. Spread ihrough Ihc lung is 
mainly by way of the j)erivascular and peribronchial lymphatics with 
tile formation of new nodules at a ilistancc from the primary tumor. 
(Fig. 222.) 'riic tumor cc?lls may also creep along the l)ronchioles and 
form a new lining for the alv<*oii- There may be extension to neigh- 
boring structures (pericardium, heart, etc.). 

Spread fo the h/mpli node.s is constant; first the regional nodes (trach- 
eobronchial and mediastinal), but latter more distant glands (supra- 
clavicular, cervical, and retroperitoneal) may be involved, '^rhe medi- 
astinal mass may l)e larger than that in the lung, and in the past a 
diagnosis has often been made of mediastinal sarcoma with secondary 
growth in the lung. 

Spread to distant organs is very common. The order of frequency 
is as follows: (1) liver, (2) brain and bone, (II) kidney and aflrenal. 
(Fig. 223.) l^ss commonly the pancreas, thyroid, etc., may be in- 
volved. The combination cjf inetastases in brain and adrenal is 
remarkably common. In my material half the cases of all secondary 
tumors of the adrenal were due to bronchogenic carcinoma. The brain 
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metastasis is often mistaken clinically for a primary cerebral tumor, 
because the cerebral symptoms may precede the pulmonary ones. 

The Relation of Symptoms to Lesions. — The symptoms are due to pressure 
and obstruction. The persistent cough is due to irritation of a bronchus by 
the growth. Bloody sputum or actual hemorrhage is caused by ulceration of 
the l)ronchial mucosa. Occlusion of the bronchus leads to atelectasis with 
displacement of the heart and limitation of movement on the affected side. 
Dyspnea is a common and marked symptom and is probably due to partial 
blocking of a main bronchus, thus interfering with the ventilation (aeration) 
of a lobe or an entire lung. Tf the obstruction is complete and the other bronchi 
are patent there is no dyspnea because the lobe or lung is comjjletely col- 
lapsed, there is no partial circulation through it, so that the aerated blood 
is not polluted by impure blood from the obstructed portions. This is also 
true of cyanosis, although not to the same extent. Pain in the chest or back 
may be due to pleurisy, pressure on nerves, or metastases in the vertebral 
column. Pleurfd effusion is common and is due to carcinomatous involvement 
of the })leura. The fluid is often blood-stained, reaccumulatcs rapidly after 
removal, and juay contain clumps of tumor cells. There may be pressure on 
the esf)f)hagus, trachea, and recurrent laryngeal nerve with corresponding 
syjnptorns. Fecer and lencocytosis may bo due to occlusion of a bronchus and 
the accumulation of jnirulent material in the resulting bronchicctatic cavity. 

Adenoma of Bronchus. -This rather uncommon tumor is remarkable for its 
long diu’ation ])urictuated by repeated hemorrhages. Thus in a case of mine 
there were hemorJ•h^^g(^s, sometimes copious, over a period of twenty-five years. 
The tumor is usually an adeiuMiiatous poly]) growing in a main bronchus and 
causing obstruction of the lumen as well as hemorrhage. It forms a striking 
object when seen with the bronchoscope. Microscopically it consists of epi- 
th(‘lial cells strikingly uniforju in type and arranged around acini, but some- 
times forming solid masses. (Fig. 224.) Although the tumor is benign there is 
distinct invasion of the surrounding parenchyma and sometimes of the lym- 
phatics. An adenoma may become carcinomatous, so that lobectomy is 
preferable to removal through the bronchoscope. It has been suggested that 
these tumors arise from embryonic bronchial buds which fail to develop and 
that they should be classed as ‘‘mixed tumors,^^ similar to those which occur 
in the salivary glands (Womack and Graham). 

Sarcoma. — Primary san^oma of the lung is very rare, although many sup- 
posed cases have been described. The great majority of those have undoubt- 
edly been examples of the anaplastic form of carcinoma, in which the cells 
may be round, spindle- or oat-shaped. Examination of a number of blocks 
of tissue will, usually give some hint (medullary arrangement, etc.), that the 
tumor is (;ar(!inomatf)US, and the method of spread (lymph node involvement, 
etc.), servos to confirm this o|)inion. 

Hemangioma. This is a rare tumor of the lung. It is really an arteriovenous 
fistula, an abnormal communication between arteries and veins. It can be 
diagnosed clinically and removed by operation, the chief features being 
inci’cased blood volume, cyanosis, polycythemia and clubbing of the fingers 
and toes. 

Superior Pulmonary Sulcus Tumor. — There is a clinical syndrome charac- 
terized by ]>ain about the shoulder and down the arm, Horner’s syndrome, 
local destruction of the first two or three ribs, atrophy of the muscles of the 
hand, and a roentgen-ray shadow at the extreme apex. Pancoast suggested 
the name of superior pulmonary sulcus tumor, but it is better called Pancoast’s 
syndrome. Most of these cases are examples of apical bronchogenic carcinoma 
pressing on the brachial plexus and the sympathetic cervical chain, but with- 
out symptoms or signs of pulmonary disease. In a few- instances the lesion 
may be an epidermal carcinoma arising from embryonal remains rather than 
any adjacent normal structure. 

Secondary Tumors.— Secondary tumors of the lung are very com- 
mon. Carcinoma may reach the lung by the blood stream or via the 
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lymphatics (cancer of the breast). JVTany nodules are scattered 
through one or both lungs, and sometimes these nodules may be 
miliary in type. Microscopic clumps of tumor cells may be found 
where no gross tumor can be detected. In some cases the nodules are 
entirely subpleural, none being found in the substance of the lung. 
(Fig. 225.) Cancer of the alimentary canal and pancreas naturally 
metastasize to the liver (portal vein spread) rather than to the lungs. 
Other forms of secondary tumor arc sarcoma, malignant melanoma, 
chorionepithelioma, and hypernephroma. Sarcoma of bone has a 
special tendency' to metastasize to the lungs. Chorionepithelioma has 



Fig. 22.5. — Secondary carcinoma of lung lyinR just under the pleura. X 12. 


the inten.sely hemorrhagic character of the primary tumor in the uterus. 
Hypernephroma forms large masses in the lungs which have a remark- 
ably clear-cut outline in a roentgen-ray picture, the “cannon-ball 
appearance” of the radiologists. 


THE PLEURA 

PLEURISY 

Inflammation of the pleura, pleiiritis, or pleurisy must be much 
commoner than clinical observ ation would indicate, because adhesions 
due to a former pleurisy are among the commonest of postmortem 
findings. Pleurisy may be serofibrinous or purulent, the latter being 
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usually known as empyema. The common causal organisms are pneu- 
mococcus, streptococcus and the tubercle bacillus. 

Serofibrinous Pleunsy. — The exudate may he mainly fibrin (Fig. 
22fi), the serous effusion being negligible or undetectable clinically. 
This is known as dry or fibrinous pleurisy. When the exudate is abun- 
dant the condition is called pleurisy with effusion. Pleurisy may be sec- 
ondary to such^ pulmonary conditions as pneumonia, tuberculosis, 
carcinoma, and infarct, or to a neighborhood infection such as peri- 
carditis, periostitis of the rib, or peritonitis. In such cases it is likely 
tp be of the dry variety. Or it may appear to be a primary pleural 
condition, either dry or with effusion. These (!ases are almost all 
tuberculous in nature. The infection is not strictly primary, but 
probably begins in a subpleural focus in the lung from which it spreads 
to the pleura, both lesions subsequently becoming healed. 

Lesions. The fibrinous exudate 
may be so thin as merely to dull 
the luster of the membrane or 
so thick that it can be peeled 
off in layers. Both parietal and 
visceral la^Trs are involved, and 
stringy fibrinous adhesions pass 
between the two layers and also 
between the lobes. Later these 
may become converted into per- 
manent fibrous adhesions, and 
in extreme eases the entire cavity 
may be obliterated. 

The fluid exudate may be very 
small in amount, as in the dry 
form, or it may fill the entire 
cavity. Being an exudate the 
specific gra\'ity is 1 .018 or higher 
and the protein content 4 per 
cent or more. The fluid is clear 
or opalescent, depending on tlie 
number of cells it contains. In 
tuberculous cases these cells arc 
mainly lymphocytes, but in pneumonia polymorphonuclear leucocytes 
predominate. When the fluid is withdrawn a jelly-like clot forms, 
owing to the high fibrinogen (‘ontent. Hemorrhagic effusion indicates 
malignancy. When the effusion is abundant the lung is collapsed, 
the heart pushed over to the other side, the diaphragm pushed down, 
and the intercostal spaces widened. 

Empyema. Purulent pleurisy is usually secondary to infection in 
the lung, sometimes to spread of infection from other organs— such 
as the pericardium, chest wall, or peritoneum. Pneimiococcal empyema 



22S. — Pleurisy showing fibrinous 
exudate. X 130. 
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complicates lobar pneumonia in a small proportion of cases (2 to 5 
per cent). Streptococcal empyemas are often due to rupture of a 
small subpleural abscess which floods the pleural cavity with the 
massive dose of organisms needed to produce suppuration. (Fig. 227.) 
In the streptococcal empyemas which complicate epidemic influenza 
the exudate apparently begins to form at the commencement of the 
illness, it accumulates very rapidly, and the chest is full of fluid at 
the height of the pneumonia. At this time the patient is suffering 
from acute air hunger, and if the chest is opened to let out the pus, 




Fig. 227. —Subpleural abscesn about, to Fig. 22S. -Greatly tliiekciied pleura, 

rupture. Rupture of .such an aUscess is X 40. 

certain to be followed by empyema. 


the collapse of the lung and the partial collapse of the other lung 
(owing to the mobility of the normal mediastinum) may turn the 
trembling balance against the patient anrl cost liiin his life. The 
danger is the pneumonia rather than the empyema. If the chest is 
not opened until the pneumonia has subsided it can be done with 
impunity. Moreover by this time adhesions have ctmverted the 
mediastinum into a rigid partition so that the opposite lung does 
not collapse. 

The pleura is covered by a layer of inflammatory exudate which 
is much thicker than in the other two forms of phmrisy. Th's thick 
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layer covers the parietal as well as the visceral layer, so that an explor- 
ing needle may have to be pushed in a long way before it encounters 
pus. In course of time the exudate becomes converted into fibrous 
tissue (Fig. 228) and the lung may be bound down to such an extent 
that it fails to expand when the pus is evacuated. Very dense adhe- 
sions are likely to be formed. 

The seldom fills the entire pleural cavity. It is limited to one 
or two regions by adhesions which pass betw’een the lung and the 
chest wall (encysted empyema) or between the lobes of the lung 
(interlobar empyema), so that an empyema is often not a pleural 
cavity filled with pus, but rather a pocket of pus tucked away in some 
obscure corner and very difficult to locate with an exploring needle. 
I'he nature of the pus varies with the infecting organism. In pneu- 
mococcal cases it is thick and creamy, of a yellow or greenish color, 
while in the influenzal streptococcal cases it is quite watery in the 
early stages although swarming with streptococci, becoming more 
frankly purulent later. The pus may rupture through the chest wall 
or into a bronchus with the establishment of u pleuropulmonary fistula, 
a condition which may prolong the infection indefinitely. 

The hnig is collapsed to a degree depending on the amount of the 
fluid. In extreme cases it is flattened against the mediastinum and 
the [)osterior chest wall. Pressure of the pus may lead to necrosis 
and destruction of the lung at the seat of pressure. In long-standing 
cases then* may be a diffuse fibrosis of the lung which combines with 
the adhesions and the pleural exudate to prevent expansion. 

There may be general disturbances such as emaciation, amyloid 
disease of the liver, spleen, etc., abscess of the brain, and multiple 
arthritis. 

The Relation of Symptoms to Lesions.— The symptoms of the various 
forms of pleurisy are very similar. Pain in the side made worse by breathing 
is tlie most characteristic symptom. It is not caused by friction of the inflamed 
and rougliencd surfaces as is commonly supposed, for the friction rub may still 
be heard after the pain has ceased, and pleural pain may come on after pneu- 
mothorax. Like so many other pains it is due to tension, the inflamed and 
acutely sensitive parietal pleura being stretched every time the patient takes 
a decjp breath. The visceral pleura is insensitive and so can take no part in 
producing the pain. Strapping of the chest relieves the pain by preventing 
the stretching of the parietal pleura; it does not prevent the friction. The 
pain disappears with the onset of effusion, because the fluid serves as a splint 
to immobilize the lower ribs. The friction rub is heard as long as the roughened 
surfaces are I’ubbing against one another; it disappears when the surfaces are 
separated by effusion. Cough is probably due to pleural irritation. Wasting ^ 
loss of strength and amgtoid degeneration may occur in empyema due to the 
great loss ot‘ nitrogen fiom the bodj^ in the constant outi)ouring of pus. The 
leucocyte count depends on the type of lesion. There is more likely to be leuco- 
cytosis in the dry than in the moist form of pleurisy. The leucocyte count 
is high in pneumococcal empyema, but may be normal in the empyema of 
influenza. 

HYDROTHORAX 

Ilydrotboriix is a fluid transudate, as opposed to an inflammatory 
exudate, in the pleural cavity. The watery fluid has a specific gravity 
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below 1.018 and protein content below 4 per cent. It is a part of 
cardiac or renal edema. For some reason hydrothorax due to cardiac 
disease is usually right-sided. This may possibly be due to pressure 
of the dilated right auricular appendix on the pulmonary veins on that 
side, but it must be admitted that that explanation sounds rather 
far-fetched. In renal edema the pleural effusion is usually bilateral, 
and if it happens to be unilateral it is as common on the left as on the 
right. 

Hemorrhagic Pleural Fluid, — Ileiiiothorajr is a condition in which 
blood is poured into the pleural cavity as the result of rupture of an 
aortic aneurism, fractured ribs, wounds of the chest, etc. In hemor- 
rhagic pleurwy there is hemorrhage into a preexisting pleural effusion, 
so that the fluid is watery and bloody but not pure blood. This con- 
dition is usually due to carcinoma of the lung, either primary or 
secondary'. 

Chylothorax. — A milky fluid in the pleural cavity may be chyle, chyliform 
or pseudocliylous. True chyle is due to rupture or obstruction of the thoracic 
duct by trauma, malignant disease, tuberculosis or fllaria. Chyliform fluids, 
which closely resemble chylous fluid, are milky due to the presence of fine fat 
droplets derived from fatty degeneration of cells in cancer of the lung or tuber- 
culosis. A psevdochijloos fluid does not contain fat, although it may have a 
milky appearance, which may be due to the presence of albuminous particles 
in fine subdivision. 

PNEUMOTHORAX 

Pneumothorax is air or gas in the pleural ca\ ity, but there is usually 
an accompanying serous or purulent effusion, so that the condition 
is really a hydropneumothorax or pyopneumothorax. There is nor- 
mally a negative pressure in the pleural cavity, and when the cavity 
communicates with the lung or the outside air rushes in, the negative 
pressure falls to zero, and as the opening is often valvular a positive 
pressure may take its place. 

Pneumothorax is usually due to rupture of a subpleural tuberculous 
cavity. Sometimes it is caused by the bursting of an emphysematous 
bulla. Harely it may be associated with abscess or bronchiectasis. 
Laceration of the pleura from without and tearing of the lung by a 
fractured rib are uncommon c-auscs. Alucrh more rare are perforation 
of the esophagus and rupture of an ulcer or cancer of the stomach 
through the diaphragm. There remains a small group of cases of 
spontaneous pneumothorax, in which the condition sufldenly <leveloi)s 
without any obvious cause. Some of these may be <lue to rupture of 
an emphysematous vesicle. 

Symptoms. — Tlie onset is often sudden with severe pain in the side and 
great dy.spnea, or it may be quite gradual. The affected side is enlarged and 
immobile, with lack of vocal fremitus, hyper-resonance, absence of breath 
sounds, and the characteristically echoing coin sound. When the patient is 
shaken the Hippocratic succussion splash may be heard in some cases. 

Lesions.— The air should be demonstrated before the chest is opened 
at autopsy. A needle may be pushed through the chest wall and the 
issuing gas may blow out a match. Or the skin may be reflected. 
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and a small cup made in the intercostal muscles in which water is 
placed. When the pleura is punctured at this point bubbles of air 
appear in the water. When the chest is opened fluid will usually be 
found, which may be serous but is more often purulent (pyopneumo 
thorax). The lung is collapsed, forming a small mass in the region of 
the hilus. The tuberculous cavity and perforation responsible for the 
condition can usually be seen. The cavity is usually a small recent 
subpleural one. The heart is pushed over to the opposite side and the 
diaphragm pushed down so that its under surface may become convex 
and the edge of the liver is far below the costal margin. 

The lesions of artificial imeuwothorax prcxluced for the purpose oF 
resting the lung in unilateral tuberculosis are the same as in ordinary 
pneumothorax. Sometimes an effusion will suddenlx' appear, probably 
due to pleurtal irritation. 

The Relation of Symptoms to Lesions. -The abrupt (jnset is due to the air 
suddenly rushing into a cavity where there is a negative pressure. The pain 
is caused by stretching of the parietal pleura. The enlargement and immo- 
bility of the affected side, hyj)er-resonance, and coin sound are due to the air 
which fills the pleural cavity. The dyspnea, lack of vocal fremitus, and absence 
of breath sounds are caused by collapse of the lung, and the succussion splash 
is caused by the movement of the fluid. The roentgen-ray picture is highly 
characteristic (air, fluid, and collapsed lung). 

TUMORS OP THE PLEURA 

Tumors of the fdeura may be primary or secondary. Primary tumors are 
rare; secondary tumors (carcinoma) are fairly common. 

Primary Tumors.— These may be divided into two main groups, the localized 
and the diffuse. The localized tumors are of many histological types, but 
they have one characteristic in common; they arise from tlie tissues beneath 
the surface lining, whereas the diffuse tumors arise from tliis layer of cells. 
The localized tumors may grow from the parietal or \dsceral pleura. The most 
important member is the so-called giant sarcoma of the visceral pleura, which 
is of very slow growth and does not infiltrate nor metastasize, so that by the 
time it is discovered it may attain an enormous size and fill the entire pleural 
cavity. It has the miia-oscopic structure of a fibrosarcoma, but does not 
behave like a malignant growth. 

The diffuse tumor arises from the surface lining cells, and is commonly 
known as an endothelioma. It woidd be better called a mesothelioma, as the 
surface cells are mcsothelial in character, the lining of the pleural cavity being 
derived from the ccelomic epithelium, which in turn is developed by a splitting 
of the mesoderm. The tumor may present characteristics of either epithelial 
or connective tissue, due to the varied potentialities of the mcsothelial cells. 
It causes a diffuse thickening of the pleura which may extend over a consider- 
able area or even the entire lung and may be over 1 cm. in depth. Both layers 
of the pleura may be involved. Pleural effusion is common, at first serous and 
later hemorrhagic. Microscopically the tumor consists of large spherical cells 
arranged in solid masses and columns, often within the lumen of lymphatics; 
they may have a definite glandular formation as in an adenocarcinoma. The 
stroma is usually fibrous and abundant. 

Secondary Carcinoma.— In secondary cancer of the lung the pleura may be 
involved, but not infrequently the pleura is studded with small tuinors although 
none are to be seen in the lung. Sometimes a network of lymphatics is out- 
lined as a series of white lines due to permeation by carcinoma cells. The 
primary tumor is usually in the breast. 
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THE MOUTH, NECK, AND ESOPHAGUS 

TIIE LIPS 

The iniportiint lesions of the lips are cancer, primary syphilis, anil 
aii^ioniii. 

Carcinoma. — (^ancer of the lip is one of the commonest forms of 
inalij^nant disease. But it is only common in one sex (male) and in one 
lip (lower). It is quite rare in women and in the upper lip. The high 
incidence in the lower lip may be attributed to its being much more 
exposed to irritation (biting, pressure of a pipe, etc.). The disease is 
commonly preceded by some lesion caused by chronic irritation such 
as fissures, abrasions due to jagged teeth, a patch of seborrhea or 
leukoj)lakia, etc. 

The disease begins as a local thickening and induration. If growth 
is mainly toward the surface a warty nodule is formed which soon 
bec'ornes ulcerated. If growth is deep the chief lesion is a deep-seated 
induration, and there may be no surface tumor or ulceration for a 
considerable time. When an ulcer does form it has the usual hard 
raised edges of a malignant sore. 

M Irroftcop iccil 1 1 / the tumor is an epidermoid carcinoma. Masses of 
squamous cells grow into the deeper tissues, and a varying degree of 
cell-nest formation and cornification takes place. Most of the cases 
belong to tirades 1 and 2, and a fair number to Grade 3, but I have 
ne\'er seen a case of Grade 4. It may be pointed out here that a con- 
venient practical method of grouping the tumors of the oral cavity 
from the point of view of malignancy is as follows: (1) tumors from 
lips to teeth— mostly low grade; (2) tumors from tgeth to back of 
tongue— increasing in malignancy as we pass back; (3) tumors of phar- 
ynx— high grade of malignancy. 

Spread.- The spread is local, seldom distant. The malignant ulcer 
may destroy the lip, the skin of the chin, and finally involve the man- 
dible. The submaxillary lymph nodes are involved from the lateral 
part of the lip, the submental from the central part, but the corre- 
sponding salivary glands are seldom involved. The tumor cells may 
tlicn spread to all the superior cervical lymph nodes, both superficial 
and deep, but as there is no direct connection between the lip and the 
inferior cervical and supraclavicular groups, these nodes arc seldom 
involved until very late in the disease. In ulcerating cancer of the 
lip the lymph nodes under the jaw are often palpable owing to an 
infiammatory swelling, but they lack the characteristic hardness of 
malignancy. At the time of diagnosis lymph node involvement is 
31 ( 481 ) 
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nearly three times as common in cancer of the tongue and floor of the 
mouth as in cancer of the lip. 

S3rphilis.— A primary chancre of the lip may be on either lip, but is 
usually on the upper. It is usually caused by kissing, but an infant 
may be infected through being suckled by a syphilitic wet-nurse. 
The lesion begins as a hard nodule which may ulcerate and develop 
into a typical chancre. There is the usual regional lymph node involve- 
ment, the submental and submaxillary nodes becoming enlarged 
and hard. When ulceration occurs spirochetes are readily demon- 
strated by the dark-field method. 

Angioma.— These are not uncommon tumors in children and are 
probably congenital. Both hemangioma and lymphangioma occur 
and cause a characteristic diffuse enlargement of the lip. A hem- 
angioma has a bluish color, but a lymphangioma is colorless. 


THE MOUTH 

Stomatitis.— Inflammation of the mucous membrane of the mouth 
is commonly due to general rather than local conditions. It may be 
catarrhal with general redness and swelling of the mucosa, ulcerative 
with the formation of small superficial ulcers, or gangrenous, a rare 
form known as cancrum oris. 

Tonsillitis.— Acute tonsillitis may be follicular or parenchymatous. 
Follicular tonsillitis is so called because the inflammation is confined 
to the lymph follicles surrounding the crypts. The tonsils are large 
and red, and the surface is covered with yellow spots of pus which can 
be wiped away. The 'parenchymatous form or quinsy is a diffuse 
' inflammation involving the whole tonsil and spreading to the surround- 
ing tissues. Quinsy is characterized by suppuration, swelling of the 
peritonsillar tissue and deviation of the uvula to one side. The cervi- 
cal lymph nodes are enlarged and tender, for they also are inflamed. 
The microscopic picture is one of diffuse suppuration. 

Diphtheria.— The lesions of diphtheria are chiefly in the throat, on 
the tonsil, pharynx, and soft palate. The lesions are usually localized, 
taking the form of a gray patch of inflammatory exudate known as 
a false membrane, which is firmly adherent to the underlying tissue 
so that when it is removed it leaves a raw surface. Microscopically 
the gray patch is composed of fibrin threads and necrotic epithelium. 
The fibrin is interwoven with the necrotic cells, thus explaining the 
firmness with which the exudate is attached. Large numbers of 
diphtheria bacilli are present in the membrane. 

Vincent’s Angina.— This is a destructive lesion associated with the 
presence of two organisms, a long fusiform bacillus with pointed ends 
and a spirochete which stains faintly with ordinary aniline dyes. 
These Vincent organisms, as they may be called, are probably closely 
related. They are readily demonstrated in direct smears (not culture), 



THE TONGUE 


483 


where the spirochetes may form tangled masses. The lesion, which is 
usually on or near the tonsil, is at first necrotic, and when the slough 
has separated a large cavity may be left. Before adopting drastic 
local treatment of a necrotic gingivitis a leucocyte count should be 
done to exclude agranulocytic angina. 

Syjlbihs.— Secondary lesions take the form of bilateral grayish-wdiite 
patches (mucous patches) like the track of a snail, or superficial ulcers. 
These lesions may occur on the tonsils, soft palate, or buccal mucous 
membrane. Tertiary lesions are gummata which break down and lea\ c 
deep, punched-out ulcers. This lesion is most often seen on the hard 
palate, where it causes perforation of the palate and regurgitation of 
food through the nose, but it may also occur on the tonsil and fauces. 

Carcinoma.— Cancer of the mouth is similar to the much commoner 
cancer of the tongue and will be merely mentioned. It occurs in the 
lower rather than the upper oral cavity, chiefly on the floor of the 
mouth, the cheek and the mandible. The lesion is at first a localized 
thickening, but later becomes a deep excavated ulcer. Leuko'plakia is 
a frequent precancerous lesion, often associated with a badly fitting 
dental plate. Also probably precancerous in character are degeneratn e 
mucous membrane changes found in the majority of mouth cancers, 
'^riiese are usually the result of a combination of avitaminosis with 
various forms of chronic irritation, e. g,, tobacco, syphilis, and sepsis 
(Martin and Koop). Lack of vitamin B is the most frequent deficiency, 
and })r()bably the most important from the point of view of carcino- 
genesis. Microscjopically oral cancer is an epidermoid carcinoma. 


THE TONGUE 

Inflammation.— Glossitis or simple inflammation of the tongue may 
take the form of an acute diffuse inflammation or of ulcers. Acute 
glosfiitis is not a common condition. It may be caused by the sting 
of a bee, an infected wound, etc. There is rapid swelling of the tongue 
and suppuration, and the patient may be nearly choked before the 
pus is let out. Simple ulcers occur at the edge or tip of the tongue, 
and are often due to the irritation of a jagged tooth or badly-fitting 
plate. The ulcer is at first shallow and acute in type, but if the irritant 
is not removed it may become more chronic with indurated edges, 
and may eventually become malignant. Shallow painful ulcers, 
usually of short duration, often develop in the mouth and on the tongue 
as the result of constitutional disturbances. Some persons are particu- 
larly susceptible. The pathogenesis of these lesions is not clear; they 
are probably surface infections. The condition commonly called 
chronic glossitis is nearly always s>q)hilitic, and will be described under 
that heading. 

Syphilis.— A syphilitic lesion of the tongue may be primary, secon- 
dary or tertiary. A primary chancre presents the usual appearance 
of the hard sore. Spirochetes can be demonstrated by the dark-field. 
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The induration of the lesion and the fact that lymph nodes in the floor 
of the mouth are enlarged and hard may easily lead to a mistaken 
diagnosis of carcinoma, a much commoner condition. The secondary 
lesions are, mucous patches or shallow ulcers. They are swarming with 
spirochetes and are highly infectious. The tertiary lesions may take 
the form of an ulcer or a diffuse glossitis. A syphilitic ulcer is caused 
by the breaking down of a gumma and is usually situated on the dorsum 
of the tongue. It is liable to be mistaken for carcinoma, but it seldom 
shows the same degree of induration and the regional lymph nodes 
are not enlarged. 

Syphilitic glossitis may be superficial or deep. In the superficial 
form there is usually some surface irritant at work, such as smoking 
a hot pipe or drinking strong spirits. Syphilitic inflammation of the 
deeper layers of the mucosa is followed by a heaping up of the surface 
epithelium, with the formation of lozenge-shaped white patches often 
separated by painful cracks and fissures which give a mosaic-like 
appearance to the dorsum of the tongue known as leukoplakia. This 
surface proliferation is caused largely by the accessory irritant referred 
to above. Syphilitic leukoplakia is an important predisposing factor 
to malignant disease (precancerous lesion), the cancer being especially 
apt to develop in one of the deep cracks. Epithelial proliferation 
with leukoplakia does not always occur, and the surface of the tongue 
may be smooth, red, and atrophied due to obliteration of the papillae 
by the inflammatory process. The deep form of syphilitic glossitis 
also acts as a predisposing cause to carcinoma. The usual syphilitic 
inflammatory tissue is formed in the depths of the tongue, and th(‘ 
subsequent fibrosis causes scarring. Assuring, and the formation of 
irregular nodules on the surface giving an appearance which is highly 
characteristic. One of the commonest manifestations of syphilitic 
glossitis is marked hypertrophy and enlargement of the tongue, a 
luetic macroglossia, sometimes so extreme in degree that the tongue 
may fill the entire mouth. In any case of macroglossia it is well first 
to think of the possibility of syphilis. 

Carcinoma. “Cancer of the tongue shows the same strong sex inci- 
dence as cancer of the lip, being quite rare in women. It seldom 
develops in a healthy tongue, being preceded by such precancerous 
conditions as chronic ulceration and syphilitic glossitis (leukoplakia, 
cracks, etc.). When a patient with a chronic ulcer on the dorsum of 
the tongue is found to have a positive Wassermann reaction, the case 
should be regarded as malignant until proved otherwise by biopsy. 
The tongue is divided into two portions by the V-shaped line of cir- 
cum vallate papillae, the anterior two-thirds and the posterior one-third. 
Cancer of the anterior two-thirds is epidermoid in type, usually of dis- 
tinctly higher grade than cancer of the lip. The edge is the common 
site, but the tumors which develop on a syphilitic basis are often on the 
dorsum. Cancer of the posterior third is fortunately much rarer, for 
it is usually markedly malignant although at the same time markedly 
radio-sensitive. It is likely to be a high-grade epidermoid or occasion- 
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ally a transitional-cell carcinoma. The gross appearance at first 
presents merely a local induration; this may develop into a warty mass 
with early ulceration, but often the tumor takes a form of a deep infil- 
tration and ulceration may be late. The malignant ulcer is character- 
istically hard with raised, indurated, rounded edges. Extensive 
necrosis, sloughing, destruction, and secondary infection constitute the 
finish of the picture. The microscopic appearance has already been 
indicated, i. e., epidermoid or transitional-cell (posterior third). Spread 
is rapid, so that it is of the first importance not to temporize with 
a suspicious ulcer or indurated 
patch on the tongue. Time 
should be measured here in days, 
whereas in a similar lesion of the 
lip it may be measured in weeks 
or even months. An immediate 
biopsy is imperative. The most 
important reasons for the rapid 
spread are: (1) the extremely 
rich lymphatic drainage of the 
tongue, (2) the constant mus- 
cular movements, and (3) the 
high grade of the tumor. Lymph 
spread takes place into the sub- 
mental and submaxillary lymph 
nodes, into the superior and in- 
ferior deep cervical nodes, and 
even into the supraclavicular 
nodes. In tumors of the posterior 
third the upper deep cervical 
group on both siiles of the neck 
may be involved. Blood spread 
to distant organs is comparatively 
rare. 

Tuberculosis. — For practical 
purposes tuberculosis of the 
tongue may be taken to be 
secondary to pulmonary tuber- 
culcjsis. It is remarkable how 
uncommon a complication it is. 

The squamous epithelium evidently acts as an efficient protection 
against the countless tubercle bacilli which must pass over it in a 
case of active phthisis. The lesion usually commences as an ulcer 
near the tip of the tongue with sinuous undermined edges, pale watery- 
looking granulations, and an absence of the induration characteristic 
of malignant disease. Nevertheless the condition is frequently mistaken 
for carcinoma. Sometimes it begins as a nodule which ulcerates later. 
(Fig. 229.) 



Fig. 229.— Tuberculosis of tongue not 
yet ulcerated. X 90. 
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Ulcers of the Tongue.— It is evident that an ulcer of the tongue 
may be inflammatory (simple), malignant, syphilitic, or tuberculous. 
A simple ulcer occurs on the edge or tip, is shallow, and inflamed, and 
is often associated with a sharp tooth or jagged plate. A malignant 
ulcer occurs on the edge or center, is peculiarly hard with raised edges, 
and may be associated with syphilitic glossitis and enlargement of the 
regional lymph nodes. A syphilitic ulcer occurs on the dorsum, is 
serpiginous in outline, and is usually a tertiary lesion. A tuberculous 
ulcer occurs at the tip, has undermined edges without induration, and 
is secondary" to pulmonary tuberculosis. 

Innocent Tumors.— Angioma forms a soft bluish mass in the tongue, 
and is usually congenital. Lymphangioma causes a diffuse congenital 
enlargement (macroglossia). Dermoid cysU may occur under the 
tongue. A thyroglossal cyst at the upper end of the thyroglossal duct 
may form a swelling at the base of the tongue. 


THE PH.iRYNX 

Many of the lesions of the pharjmx have already been discussed in 
connection with the mouth, but one or two remain to be considered. 

Retropharyngeal Abscess.— Pus may be formed as the nvsnlt of 
suppuration in the loose tissue betAveen the posterior wall of th(' 
pharynx and the vertebral column. It usually occurs in children 
suffering from some debilitating illness, and comes on acutely with 
rigidity of the neck, pain on swallowing, loss of voice, and a tense 
bulging on the posterior Avail of the pharynx indicating the presence of 
pus. In tuberculosis of the cervical spine a chronic (cold) abscess 
may form in the same situation. Ludwig's angina is an acute diffuse 
streptococcal cellulitis invoh ing the neck and tongue as aacII as the 
structures at the back of the throat. It usually occurs as a complica- 
tion of one of the streptococcal fevers such as scarlet fcA er or erysipelas. 

' There is a brawny induration of the neck Avith pressure on the trachea 
and edema of the glottis. The condition usually proves fatal in the 
course of a feAv days. 

Tumors of the Pharynx.— A malignant tumor of the pharynx is 
likely to be an epidermoid carcinoma, transitional-cell carcinoma, 
lympho-epithelioma or lymjjhosarcoma. 

Epidermoid Carcinoma.— This may commence in the pharyngeal wall, 
the tonsil, or the soft palate. It produces a characteristic induration 
and soon ulcerates, leading to great destruction of the deeper tissues 
Avith secondary infection and a very foul breath. The lymph nodes 
at the angle of the jaw become enlarged and hard. Willis has pointed 
out that invasion of the jugular vein is a fairly common occurrence 
in epidermoid carcinoma of the head and neck with visceral metas- 
tases, especially in the liver. Cancer of the hypopharynx (postcricoid 
carcinoma) is confined almost exclusively to women. This is the only 
malignant tumor of the alimentary canal which has this sex incidence. 
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It is often preceded over a number of years by a combination of dys- 
phagia, dry atrophy of the pharyngeal mucosa, and hypochromic 
anemia (Plummer- Vinson syndrome). Both the anemia and the 
mucosal change have a dietic iron-deficiency basis. The mucosal 
atrophy seems to act as a precancerous lesion. Adequate treatment 
of the anemia with iron may therefore prevent the onset of the cancer. 

TransitionaUcell Carcinoma and Lympho'-epithelioma . — There is 
difference of opinion as to whether these tumors are separate entities 
or are variants of the same lesion. The gross character and the method 
of spread is similar, so that they may be considered together. The 
tumor arises from epithelium covering lymphoid tissue, and originates 
in the nasopharynx, oropharynx and laryngopharynx (sinus pyri- 
formis). Its chief characteristic is that the primary tumor, while still 
small and undete(!ted, may give rise to large secondary growths in the 
cervical lymph nodes on both sides. The growth is centrifugal rather 
than centripetal. There is often invasion of the base of the skull with 
involvement of the cranial nerves, particularly the fifth and sixth, 
'^rhe growth may penetrate the cranial cavity. Secondary growths 
may occur in the lungs and liver at a later date. The tumor is markedly 
radio-sensitive, and the mass in the neck may melt away for a time. 
Microfscopicalhf the transitional-cell carcinoma is highly anaplastic, 
consisting of sheets of large pale cells showing numerous mitotic 
figures with no attempt at cornification. The lympho-epithelioma 
presents a similar picture, but in addition groups of lymphocytes arc 
mingled with the epithelial cells, or they may be scattered more 
diffusely among these cells. 

Lymphosarcoma. — This may arise in the tonsil or in the lymphoid 
tissue of the naso-pharynx. The tonsillar cases are at first unilateral. 
The cervical and axillary lymph nodes are involved, and later the 
lymphoid tissue in the rest of the body. Microscopically the tumor 
may be of the lymphocytic or the rcticulo-endothelial type. 


THE NECK 

The severe inflammations of the neck (Ludwig’s angina and retro- 
pharyngeal abscess) ha\'e already been considered. Boils and car- 
buncles are common on the back of the neck owing to the friction of 
the collar. 

Cysts.— A cyst of the neck may be mesial or lateral. The former 
is a thyroglossal cyst, the latter may be a branchial cyst or a cystic 
lymphangioma. 

Thyroglossal Cyst.— The thyroglossal duct is a vestigial structure 
which passes from the foramen cecum at the base of the tongue to the 
isthmus of the thyroid gland. If a portion of the duct remains un- 
closed a cyst is formed lined by columnar epithelium. Such a cyst 
must always be in the middle line. It is usually below the hyoid bone, 
but occasionally is at the base of the tongue. 
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Branchial Cyst.— This is formed from an unclosed portion of a 
branchial cleft, usually the third, and is therefore at the level of the 
hyoid bone. If it arises from the second cleft it lies just below the 
mastoid process and projects into the mouth. The cyst is usually 
lined by columnar ciliated epithelium, but when quite superficial it is 
lined by stratified epithelium. The wall contains much lymphoid 
tissue. If the outer end of the cleft remains open the condition is a 
brachial fistula, which opens on the neck at the level of the angle of 
the jaw. 

Cystic Lymphangioma.— The vessels of a lymphangioma may undergo 
marked dilatation so as to form a soft cystic swelling, usually in the 
anterior triangle of the neck, but sometimes in the axilla or on the 
chest wall. It is a congenital condition and is usually seen in children, 
tending to undergo spontaneous cure before adult life is rc^ached. It is 

subject to recurring attacks of in- 
flammation which probably play a 
part in the cure by closing the ves- 
sels. It is known clinically as cystic 
hygroma (fluid tumor), and may at- 
tain a very large size. 

Tumors. —Tumors of the ne(*k 
may be primary or secondary. 
Primary tumors may be accessory 
thyroid tissue (considered in con- 
nection with the thyroid gland), 
lymphoblastoma, branch i il cleft 
carcinoma, and carotid body tinrior. 
Secondary tmnors are exajiiples of 
carcinoma. Salivary gland tumors 
are considered separately (see 
below). 

Lymphoblastoma. — Enlargement 
of the cervical lymph nodes may 
be due to any member of the 
lymphoblastoma group, i. <?., 
lymphosarcoma, Hodgkin’s disease, 
and lymphatic leukemia. '^riie 
disease often commences in the ccr- 

Fio.230.-Carotid body tumor. X 276. group involving first one and 

then both sides. I^ater the lymph 
nodes throughout the body become enlarged. In leukemia the blood 
shows the characteristic leukemic change. 

Branchial Cleft Carcinoma. — This rare tumor arises from remnants of 
branchial cleft epithelium. It is very much commoner in males than females. 
The tumor forms a very hard mass which starts deep in the neck iioar the 
bifurcation of the common carotid artery and infiltrates the surrounding 
tissue. The growth is a s(iuamous-cell carcinoma, but with little tendency to 
oornification or cell-nest formation. 




THE SALIVARY GLANDS 


489 


Carotid Body Tumor. — This is a firm, round, slowly-growing tumor in the 
bifurcation of the common carotid artery. The tumor may grow around the 
artery, so that the vessel becomes embedded in the tumor, making removal 
a matter of great difficulty. The carotid body belongs to the chromaffin 
system, and the tumor may be regarded as a chromaffinoma of benign char- 
acter. The cells, which are arranged in groups or sheets, are large, granular, 
and polyhedral, and may contain chromaffin substance. (Fig. 230.) 

Secondary Carcinoma. —Epidermoid carcinoma of the lip, tongue, 
mouth, larynx, and esophagus may metastasize to the cervical lymph 
nodes. The transitional-cell type of carcinoma with a small often 
undiscovered primary growth in the pharynx or nasopharynx and 
large secondary tumors in the neck has already been described. Finally 
th(Te may be lymphatic spread of carcinoma from more distant organs. 
Owing to the fact that the thoracic duct receives efferents from the 
supraclavicular and lower deep cervical nodes on the left side before 
it opens into the innominate vein, these nodes are often involved in 
abdominal jvnd thoracic cancer. Gastric and bronch(igenic carcinoma 
are the most frequent primary tumors responsible, but even the most 
distant tumors (ovarian, uterine, testicular) may metastasize to the 
neck by this route. Malignant supraclavicular nodes on the right side 
suggest cancer of the right lung (right lyjnphatic duct). 


THE SALIVARY GLANDS 

The i){irotid gland is more liable to disease than the submaxillary 
and sublingual, so it Avill be taken as the type. 

Acute Inflammation. —This maybe suppurative or non-suppurative. 
In suppuration the infection may be hematogenous as in acute fevers 
and pyemia. This is rare. Infection from the mouth by way of 
Stenson’s duct is more common. The pus is prevented from reaching 
the surface by the dense fascia which covers the gland. It may form 
a retropharyngeal abscess. 

The non-sup puratirs form is mumps, one of the commonest diseases 
of childhood. l"he gland on both sides is acutely inflamed, swollen, 
painful, and tender. There is little to be seen in the gland apart from 
a serous exudate. As there is no suppuration or necrosis, healing is 
h;^' resolution and the gland is uninjured. A similar lesion is produced 
in monkeys by a filterable virus from the saliva in cases of mumps. 
Orchitis (inflammation of the testicle) is a common complication in 
the adult, but here recovery may not be complete and the testicle may 
undergo atrophy. 

Mixed Tumors. — This is the condition commonly called parotid 
gland tumor but, as it may occasionally occur in any of the salivary 
gla-nds, in the mucous membrane of the mouth, and in the palate, this 
name is undesirable and misleading. It is a fairly common slowly- 
growing tiunor of early adult and middle life which begins either in 
the substance or the surface of the salivary gland, and may continiK' 
to increase in size for many years, but at any time growth may stop. 



490 


THE MOUTH, NECK, AND ESOPHAGUS 


It is inherently benign, but after the usual operative procedure (enu- 
cleation of the tumor) there is recurrence in from 20 to 45 per cent of 
cases, the tumor then becoming locally destructive and invasive. Total 
excision of the gland with removal of the capsule gives infinitely better 
results. Sometimes after growing slowly for many years it may take 
on rapid grow^th and invade the surrounding tissue. The lymph nodes 
are rarely involved unless the tumor has been interfered with. It is 
usually encapsulated, but may not be. 



Fig. 231. — Mixed tumor of the parotid. Carliltige above, f;!:laiidular tissue to the riRlit, 
mucoid tissue to the left. X lOO. 


‘ The microscopic appearance is varied and perplexing, for the tumor 
appears to consist of both ectodermal and mesodermal elements. It 
is for this reason that it is called a mixed tumor. The following ele- 
ments are commonly present in one or other part of the tumor, although 
it is very difficult to find them all combined in a single microscopic 
field (Fig. 231) : (1) masses of epithelial cells often showing a glandular 
arrangement, (2) mucoid connective tissue with evidence of production 
of mucin, (3) cartilage, and (4) lymphoid tissue. The cartilage has 
been the chief stumbling block, as it seemed to be mesodermal in origin, 
while the epithelium was of ectodermal origin. 

The nature of the tumor has long been a subject for discussion. It is 
possible that some of the tumors may arise as the result of the acci- 
dental sequestration of embryonal cells during the early and compli- 
cated development of the face; such tumors would be true ‘‘mixed 
tumors.” It appears probable, however, that the great majority are 
not really mixed tumors, but are benign epithelial growths (adenomas) 
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of the salivary glands. The difficulty presented by the cartilage is 
removed by the discovery that this material is not true cartilage. 
The tumor epithelial cells produce mucin, and this constitutes the 
origin of the mucinous “connective tissue.’^ This myxomatous mate- 
rial, which stains well with muci-carmine, is homogenous like cartilage, 
and the cells which it contains may lie free in small spaces around which 
there may be a fibrillar condensation, so that a pseudocartilage may be 
produced. It is also possible that true cartilage may be formed from 
this material. Simard has reported a sweat gland adenoma of the 
palm with a structure identical with that of mixed tumor of the parotid. 
In this case the mucous secretion of the epithelial cells had undergone 
metaplasia into cartilage. 

llcllwig points out the resemblance of mixed tumors to the develop- 
ing notochord, and suggests that these tumors are derived from mis- 
placed elements of that structure. The notochord is in contact with the 
buccopharyngeal membrane, and on the rupture of that membrane the 
cells of the two structures may be 
intermingled. It may be noted 
that the notochord comes into 
intimate relation with the develop- 
ing parotid gland, the subrnaxillary 
gland, and the palate, the three 
common sites of mixed tumors. 

Carcinoma.- -Carcinoma of the sali- 
vary glands grows rapidly, infiltrates 
the whole gland, involves the regional 
lymph nodes and sets up distant 
metastases. The tumor may be 
adenocarcinoinatous, medullary, or 
anaplastic in type. The last-named 
is usually mistaken for round-cell 
sarcoma. 

Adenoljfmphoma.” This rare tumor 
of the salivary glands usually occurs 
in the parotid in the fifth and sixth 
decades. It is benign, slowly giwing, 
well encapsulated, and much com- 
moner in males than females. The 
microscopic picture is characteristic: 
tubular alveoli lined by tall columnar 
epithelium supported by an abundant 
lymphoid stroma with active germ 

centers. (Fig. 232.) There may be . , „ , 

cystic spaces with papillary projections. This tumor is also called an onko- 
ajtoina, because it has been suggested that it may arise from a special type 
of cell found in the parotid with advancing years characterized by its size 
(onkosj bulk), and known as an onkocyte. , 

Mikulicz’s Disease.— Mikulicz's disease is a very rare condition m wnich 
there is enlargement of the lachrymal and salivary glands on both sides. It 
is sometimes associated with leukemia, and in the later stages the lymph 
nodes, spleen and liver may be enlarged. It would iierhaps be well to divide 
the condition into Mikulicz’s disease proj)er and the Mikulicz syndrome. In 
Mikulicz’s disease proper the enlargement is confined to the lachrymal and 



492 


THE MOUTH, NECK, AND ESOPHA(WS 


salivary glands without involvement of the lymphatic system and without 
change in the blood. In the Mikulicz syndrome the glandular enlargement is 
part of a lymphoblastomatous condition such as leukemia, lymphosarcoma or 
Hodgkin’s disease. Microscopically the gland structure is' replaced by small 
round cells or larger cells of the Hodgkin type. The condition may be regarded 
as a localized form of lymphoblastoma related to leukemia and Hodgkin’s 
disease. 

Uveo-parotid Fever. — This is a clinical syndrome characterized by chronic 
inflammation of the uveal tract (iris, ciliary body, choroid) and both i^arotids. 
The parotids are swollen, and tlie occasional enlargement of both lachrymal 
glands may lead to a mistaken diagnosis of Mikulicz’s disease. Irido-cyclitis 
and facial paralysis are common. The course is generally febrile, but there is 
a marked tendency to spontaneous recovery. The condition used to be regarded 
as a low grade form of tuberculosis, but it is now believed to be a variety of 
sarcoidosis. 

Salivary Calculi and Cysts. — A salivary calculus usually forms in Stenson’s 
ducts, and the saliva collects above the obstruction during a meal, causing a 
cj^stic swelling of the parotid which gradually subsides after the meal. A 
ranvla is a cyst of the sublingual gland, and is therefore situated in the floor 
of the mouth under the tongue, where it forms a bluish nodule. Occasionally 
the submaxillary gland is inv'olvcd. 


THE ESOPHAGUS 

The common lesions of the esophagus are carcinoma, stricture, and 
diverticulum. 

Carcinoma.— Cancer of the esophagus shows tlie usual sex incidence 
of alimentary canal neoplasms, over 80 per cent being in men. ( 'ancer 
of the hypopharynx (postcricoid cancer) is sometimes included with 
cancer of the upper end of the esophagus; indeed it is often impossible 
to determine in which region the tumor origimited. When this is done 
the sex incidence of upper end tumors is overwhelmingly female. The 
commonest site is the middle where the esophagus is crossed and 
constricted by the left bronchus, fcdlowed rather closely by the lower 
end. The middle, which is the narrowest part, and the lower end are 
the regions where irritants (food and drink) are delayed longest. The 
least common site is the upper end, but if cancer of the hypopharynx is 
included, the incidence practically equals that of the lower end. The 
tumor begins as a nodule in the mucous membrane, and sometimes 
grows into the lumen as a bulky mass, but usually takes the form of a 
diffuse infiltration which slowly encircles the esophagus and causes 
marked narrowing of the lumen with dilatation of the proximal part 
of the tube, t Iceration of the surface oecurs sooner or later, and 
the growth may ulcerate into the trachea, into the aorta with fatal 
hemorrhage, or into the mediastinal tissues with gangrenous inflam- 
mation. The stenosis gives rise to marked difficulty in swallowing. 
The prognosis used to be hopeless, but modern surgery (uin remove the 
diseased esophagus and provide the patient with a new one. The 
earliest diagnosis can be made with the aid of the esophagoscope. 
Microscopically the tumor is an epidermoid carcinoma, but usually 
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without epithelial pearls or much cornification. Occasionally it may 
be an adenocarcinoma, which probably arises from anomalous glands 
in the wall of the esophagus identical with the gastric glands. 

Spread. — Spread, as is usual in epidermoid carcinoma, is to the 
regional lymph nodes. These may be mediastinal, cervical, or abdom- 
inal. If the cancer is at the upper end of the esophagus, the cervical 
as well as the mediastinal glands will be involved; a tumor in the 
middle of the esophagus will spread to the mediastinal glands; with 
tumors of the lower end, metastases are formed below the fliaphragm 
in the coelic chain of glands and in the liver. 

Stricture.— Stricture of the esophagus may be organic or functional. 

Organic or cicatricial stricture is caused by scar formation due to 
the swallowing of corrosive or boiling fluids, and more rarely to lacera- 
ti(^ii i^roduccd by impacted foreign bodies. Fibrous tissue is pro- 
duc;cd as the result of the injury usually at the upper or lower ends, 
and tliis becomes dense scar tissue which encircles the esophagus and 
causes an extreme degree of stenosis which it may be very difficult to 
dilate. The esophagus may be narrowed owing to pressure from with- 
out by an aneurism of the aorta, a tumor of the lung, or a mass of 
enlarged lymph nodes. 

I Functional or spasmodic stricture or cardiospasm occurs in young 
men and women of neurotic temperament. The muscular sphincter 
at the lower end of the esophagus and the cardiac end of the stomach 
remains closed and thus prevents food from entering the stomach. 
Tlic esophagus immediately above the site of the spasm may become 
dilated and hyiiertrophied. The distention may become much more 
e xtreme than in organic stricture, because there is more time for it to 
develop, as the patient may live for many years. In middle-aged 
women and more rarely in men there may be dysphagia with anemia. 
(Plummcr-Vinson syndrome.) Here the cricopharyngeus sphincter 
bctw’('cn pharynx and esophagus remains closed and fails to open 
during deglutition. The anemia is probably secondary to the deficient 
dietary. The mucous membrane of the pharynx and tongue is dry and 
l)archment-like. In the roentgen-ray picture the lower end of the 
esophagus presents a characteristic blunt-pointed appearance, like the 
end of a cigar, quite different from the appearance in carcinoma. It 
is probable that both of these forms have a neurogenic basis, a pre- 
ponderance of sympathetic activity over that of the vagus. In some 
( uses of cardiospasm, inflammatory lesions of Auerbach’s plexus have 
been found at the lower end of the esophagus. It is possible that the 
condition is rather an inability of the sphincter to relax than an actual 
spasm, to which the name achalasia (a, not + chalasis, relaxation) is 
api)lied. This may also be the basis of Hirschsprung’s disease, where a 
persistently closed rectal sphincter leads to great dilatation of the 
colon in children. 

Diverticula. — A diverticulum of the esophagus may be of the anterior 
or i)()sterior variety'. The posterior variety is much the commoner. 
It is really a pharyngeal rather than an esophageal diverticulum. 
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occurring in the pharyngeal wall at its junction with the esophagus. 
It is usually found in men of middle age. The chief cause is probably 
prolonged intrapharyngeal pressure due to failure of what Chevalier 
Jackson calls the “cricopharyngeal pinchcock’’ to relax during swal- 
lowing. The mucous membrane of the lower part of the posterior 
wall of the pharynx becomes protruded between the oblique and 
transverse fibers of the cricopharyngeus muscle, so that a sac is formed 
behind the esophagus which pushes that structure forward. The 
condition tends to become steadily worse through the accumulation 
of food in the sac, and pressure on the esophagus may cause difficulty 
in swallowing. The antermr variety occurs at the level of the bifurca- 
tion of the trachea, and is due to traction of tuberculous tracheo- 
bronchial lymph nodes which have become adherent to the esophagus. 
The posterior form is thus a pulsion diverticulum, the anterior form 
a traction diverticulum. 

Varices may occur at the lower end of the esophagus in cirrhosis of the liver. 
Rupture of these varicose veins may cause fatal hemorrhage. Rupture of the 
esophagus may be traumatic (due to passage of a bougie or esophagoscope), or 
spontaneous. Spontaneous rupture is a rare condition which occurs after pro- 
longed vomiting and is probably due to acute inflammation of the lower end 
of the esophagus. The pleural cavity is filled with dirty fluid, and the con- 
dition is rapidly fatal. Digestion of the esophagus may be postmortem or ante- 
mortem. The former is associated with postmortem digestion of the stornacli. 
Antemortem digestion is not uncommon and can be distinguished from post- 
mortem digestion by the presence of an inflammatory reaction in the wall of 
the e.sophagus. It occurs in pastoperative conditions with marked vomiting, 
and is probably due to retention of acid vomited material in the lower part 
of the esophagus. Perhaps a better name is acute ulcerative esophagitis. The 
lesions are ulcerations and the ulcers vary in type from mere superficial erosions 
to deep perforating lesions. Only the lower part is involved. It may lead to 
rupture, and at autopsy the pleural cavity is filled Avith stomach contents. 
Leukoplakia is not uncommon in the low^er part of the esophagus. Tuberculous 
and sfjphilitic ulcers arc rare conditions. Fibromas and other innocent tumors 
sometimes occur and form polypi. Sarcoma i.s very rare. 
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CHAPTER XIX 


THE STOMACH AND DUODENLTM 

GASTRITIS 

Inflammation of the stomach, either acute or chronic, is due to 
the action of irritants. I5ut the irritant does not necessarily act on 
the surface. The most important part of the j^astric mucous mem- 
brane is not the surface epithelium but the deep portion containing 
the gastric glands, and this deep portion is more likely to be reached 
by an irritant carried by the blood stream than by mere surfa(?() irri- 
tation. The causes of gastritis are not very certain, but they may be 
divided into: (1) surface irritants such as alcohol, irritating foods, and 
corrosive poisons, and (2) blood-borne irritants, e, g., bacteria. 

Acute Gastritis.— Surface irritants may readily cause an acute gas- 
tritis, which must be present to some extent after every severe alco- 
holic bout, and is largely responsible for the “morning after’’ feeling. 
It may also occur in the acute fevers. The mucosa is reddened and 
shows as a rule merely catarrhal changes. It is difficult or impossible 
to separate these from the postmortem changes which invariably occur 
as the result of digestion unless formalin be injected into the abdominal 
cavity immediately after death, in which case the gastric mucosa is 
as fresh and well fixed as if it had been removed at operation. Th(‘ 
action of poisons on the stomach has already been considered in 
(Chapter XIII. It may be repeated here that carbolic acid coagulates 
and fixes the mucosa perfectly, the corrosive acids produce destruc- 
tion and often perforation, and the caustic alkalis cause necrosis with 
marked softening so that here also ijerforation may occur. Mamhran- 
ovs gastritis and phlegmonous gastritis are rare conditions in which 
there is extensive invasion of the stomach wall by bacteria, often 
streptococci, with violent inflammation and necrosis over a wide area 
and to a great depth. 

Chronic Gastritis.— Tlie causes of chronic gastritis are not well 
understood. Alcohol is always incriminated, but in gastroscopic 
examinations made by Gray and Schindler on 100 alcoholic addicts 
who had consumed an average of 2.8 pints of alcohol daily for more 
than twenty years, the stomach was essentially normal in 55 per cent, 
nor w^as any correlation observed betvreen the incidence or severity of 
the gastritis and the duration of the alcoholism or the amount of 
alcohol consumed. Almost identical findings are reported by Perry. 
The disease takes two forms, hypertrophic and atrophic. Hyper- 
trophic gastritis is the commoner of the two. There is marked thicken- 
ing of the mucosa, especially in the pyloric region. The surface becomes 
( 496 ) 
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divided into little areas so as to have a finely nodular appearance, a 
condition known as etat mamvielonne. The polypoid formation known 
as gastritis poly 2 )osa is neoplastic rather than inflammatory and will 
be considered in connection with tumors. Microscopically the glands 
of the mucosa are separated by a diffuse infiltration of lymphocytes, 
plasma cells, and eosinophils, with a varying degree of fibrosis in the 
submucous coat. The glands suffer and atrophy, some become c\'stic, 
but most of them disappear, so that the mucosa is a mass of granulation 
tissue covered by epithelium rather than a parenchymatous structure. 
Such a mucous membrane cannot be expected to secrete hj^drochloric 
acid, so that achylia gastrica develops. 

Atroi)hic gastritis may probably be a sequel to the hypertrophic form 
or may develop independently. It is often associated with constitu- 
tional disturbances, especially pernicious anemia. The mucosa is 
markedly thinned, the glands atrophic and widely separated, the 
muscle fibers attenuated, and all the coats more or less fibrosed. As 
the secTeting membrane is so atrophic, achylia gastrica is always 
marked. 

Effects of Gastritis. — Chronic gastritis in the py loric region may gi\'e 
rise to the classical symptoms of gastric; ulcer, i, e., hunger pains, 
hypersecretion, and delayed emptying and stasis, but when gas- 
trectomy is done no ulcer is found. European investigators find that 
gastric ulcer and chronic gastritis are frequently associated, and believe 
that the gastritis precedes the ulcer. In surgical material it is certainly 
the case that some degree of gastritis is almost always present in gastric; 
and duodenal ulcer. When the gastritis is at all diffuse there is likely' 
to be achylia gastrica. This is a very common consequence of chronic; 
iilcoholism, especially in elderly persons. Achylia may be due to hema- 
togenous infection in the infective fevers such as influenza and ty phoid, 
and may persist for years afterward. It occurs in over 30 per cent of 
cases of pulmonary tuberculosis, and in many cases of the toxemia of 
pregnancy. Complete achylia is always present in pernicious anemia 
and usually' in cancer of the stomach. 

PEPTIC ULCER 

The stomach and the first part of the duodenum arc both derived 
from the foregut, are both supplied with blood from the coeliac axis, 
and are both bathed by acid gastric juice, as the alkaline bile and 
pancreatic secretion flow into the second part of the duodenum. Ulcer 
of the duodenum is for practical purposes ulcer of the first part, and as 
gastric and duodenal ulcers are essentially the same in their pathology 
and are dependent for their production on the peptic juice, they may 
be considered together under the heading of peptic ulcer. Peptic 
ulcers also occur on the jejunal side of a gastro-entcrostoniy and in 
Meckel’s diverticulum. 

Etiology.— The cause of peptic ulcer has long been a matter of 
debate, nor has any agreement y'et been reached. The ulcer is pro- 
32 
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diiccd by the action of the gastric juice, but no one has explained how 
it is that the stomach does not digest itself. Living healthy tissue 
evidently resists digestion, for when kidne;s" or spleen with circulation 
intact are introduced into the stomach they are not digested, even 
when the cut surface is exposed to the gastric juice for weeks or months. 
A peptic ulcer, and in particular a chronic ulcer, is the result of the 
continued action of the gastric juice on an area of mucous membrane 
which is presumably of low^ered resistance. The real difficulty is to 
decide the cause of the low^ered resistance. There are three principal 
views: the infective, the chemical and the neurogenic. 

A plausible and popular theory is that htmiatogenov^ infection with 
organisms of low grade virulence may cause inllammatory foci in the 
stomach wall leading to necrosis with subsequent digestion and ulcer 
formation. These organisms are supposed to be non-hemolytic strepto- 
cocci from foci of infection in the nose, throat and apical tooth absces- 
ses. Small inflammatory foci are often found in the base of the ulcer, 
but these may be the result of the ulceration rather than its cause. 

In a large series of case? ITebbel found that an atrophic gastritis 
(gastritis leading to atrophy) affecting the antrum was an invariable 
accompaniment of gastric and duodenal ulcer. It seems reasonable 
to suppose that the gastritis precedes and is the anatomi(?al basis for 
the development of ulcer, and that chronic ulcer does not dex elop in 
a healthy mucosa. (lastritis is not nearly so freqiu^nt an accompani- 
ment of gastric carcinoma, nor is it confined to thi^ antrum. 

Cushing has revived the neurogenic theory that abnormal vagal 
impulses from the hy pothalamic region of the diencephalon are re- 
sponsible for vascular spasm and ischemia which cause the initial 
area of necrosis. Ulcer may complicate tumors of this region, and 
cerebral injury in the new-born may be associated with erosion and 
melena. It is undoubtedly more common in the nervous high strung 
patient, in whom worry and strain may precipitate an attack. The 
neurogenic factor is the most important single etiologic agent in many 
cases of ulcer. The paramount importance of tliis factor is empha- 
sized by the spectacular therapeutic results whierh follow bilateral 
division of the vagus ner\'es (vagotomy), the gastric secretion being 
greatly^ reduced and the ulcers tending to heal. 

According to the chemical theory the essential factor is the action of 
excess acid. Hyperacidity is a constant accompaniment of peptic 
ulcer in the early stages, although it may disappc'ar in old chronic 
ulcers. The fact that the ulcer occurs in non-acid-producing mucosa 
although in immediate juxtaposition to acid-producing mucosa must 
be significant. Of even greater significance is the fact that peptic 
ulcer occurs in a Meckel’s diverticulum containing acid-producing 
gastric mucosa. My colleague. Dr. W. L. Robinson, has a case of 
peptic ulcer in a teratoma; here, surely, all factors other than (chemical 
may be excluded. Worry and nervous strain are associatcxl with hyper- 
acidity, perhaps explaining the prevalence of ulcer amongst surgeons. 
It has already been pointed out that the ulcer patient is frequently 
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nervous and high strung. Food which causes hypersecretion may lead 
to the formation of ulcer. Thus in Abyssinia, where peptic ulcer is 
extraordinarily common, a favorite and universal sauce contains 
50 per cent cayenne pepper (Hergsma). The experimental injection of 
histamine, which stimulates gastric acidity, results in the production 
of ulcers, especially when the histamine is implanted in beeswax to 
prolong its action. In severe burns histaminoid substances are pro- 
duced, and it has long been known that such burns may be accom- 
panied by the formation of acute ulcers in the stomach and particularly 
in the first part of the duodenum, a condition long known as Curling's 
ulcer. This type of ulcer is found in 12 per cent of dogs in which large 
burns were produced, and Hartman points out that these ulcers are 
ten times commoner when petrolatum and other similar dressings were 
used than when the tfviinic acid method was employed. This differ- 
ence he attributes to such factors as loss of plasma, infection and acido- 
sis which are prevented by tannic acid dressings. The subcutaneous 
injection of posterior pituitary extract produces acute hemorrhagic 
lesions, whilst repeated injections produce chronic ulcers of the peptic 
ulcer type (Dodds). If the stomach contents are rendered alkaline, 
in je(!tion of pituitary extraert fails to produce ulcers. The most effective 
method of inducing an ulcer to heal, provided it is not too chronic, is 
by neutralizing the gastric acidity, especially by means of the con- 
tinuous drip method. All of these facts point to the paramount im- 
portance of gastric acidity in the production and maintenance of 
peptic ul(;er, although they do not prove that some additional factor 
may not also be operative. 

That food deficiency may play a part in some regions is suggested 
by the extreme freqiiemcy of duodenal ulcer in Southern India, particu- 
larly Travancore (Somervell). In this district food consists of rice and 
curry, poor in all the vitamins, particularly A and II 2 . In some parts 
of India, such as the J\injab, where the diet is rich and well-balanced, 
peptic ulcer is singularly rare. 

Symptoms.— The chief symptom of peptic ulcer relieved 

by the takin g of foo d.,. In duodenal ulcer the sequence isTood— comfort— pain, 
^^im^afTm' «i;astric Tdcer it is usually food— comfort— pain— comfort. The 
sequence may be repeated foi- weeks or months; then there may be a period 
of freedom, only to he followed by another attack. Hemorrhage, perforation, 
and obstruction due to pyloric stenosis are important complications. 


Lesions.— It is not easy to determine the true relative frequency^ of 
chronic gastric ulcer as compared with duodenal ulcer. Surgical 
statistics show that chronic ulcer is much commoner in the duodenum. 
In the Toronto General Hospital out of 875 eases of chronic ulcer 
coming to operation 70 per cent were in the duodenum and 30 per 
cent in the stomach. It must be remembered, however, that the 
surgeon sees a special class of cases, those in which symptoms of 
obstruction form a prominent feature. In the autopsy material of 
the same hospital gastric ulcers were nearly twice as common as 
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duodenal. On the other hand Hurst and Stewart found duodenal 
ulcers somewhat more frequent in their autopsy material. 

The sex incidence of peptic ulcer has shown a notable change during 
the past half century. In the earlier part of this period Alstcd found 
that in Denmark the incidence of males to females was 1 to 5; by the 
beginning of the century it was 1 to 1; in the decade from 1920 to 
1930 it had risen to 3 to 1. This is due to the increased frequency of 
duodenal ulcer, which is commoner in the male. Acute ulcers may occur 
in any part of the stomach. They are usually shallow, more of the 
nature of erosions, but occasionally they may perforate the whole thick- 
ness of the wall. The chronic peptic ulcer is much more localized. 
Duodenal ulcers are practically always limited to the first part of the 
duodenum, usually on the anterior wall so that perforation is relatively 
common, as the ulcer in this position cannot become adherent to the 
abdominal wall. The vast majority of ulcers occur along the line of 
the lesser curvature or in close proximity to it. It is rare in the region 
of the cardia, in the fundus and on the greater curvature, and is un- 
common ill the pyloric canal (about 1 inch in length). The site of 
election is between 2 and 4 inches from the pylorus, whereas cancer is 
commonest in the juxtapyloric portion. Sometimes the ul(*er is placed 
astride the lesser curvature (saddle-shaped ulcer). When such an ulcer 
heals the stomach will be divided into two parts, a condition known as 
hour-glass stomach. The fundus glands produce acid, whereas the 
glands in the pyloric (large) and cardiac (small) zones do not. The line 
between the acid and non-acid-producing areas is known as the acid 
line. The zone of pyloric glands, and therefore the acid line, reaches 
much higher on the lesser than on the greater curvature, llie line 
varies considerably in position in different stomachs, and can readily be 
determined by opening the stomach along the greater curvature and 
taking blocks of tissue along the lesser curvature. 

Peptic ulcers do not arise in the area of acid production. They 
are formed immediately on the pyloric side of the varying acid line. 
It is of particular interest to note that peptic ulcers in Meckel’s 
diverticulum are situated in the intestinal type of mucosa, not the 
hcterotopic acid-producing mucosa. 

The gastric nicer is usually single but may be multiple (5 to 10 per 
cent). It is shaped like a funnel, penetrating the muscular coat 
sometimes as far as the peritoneal surface. (Fig. 233.) Small ulcers 
tend to be circular and larger ones oval. The sides are generally 
sloping but may be steep; the cardiac side of the ulcer is steeper than 
the pyloric. The e<lge is raised, often overhanging, and the floor is 
hard and indurated. The larger the ulcer, the more likely is it to be 
malignant. Most simple ulcers are less than 1 inch in diameter, but 
some may atttain a much larger size. On the peritoneal surface the 
presence of the ulcer is indicated by pallor and well-marked induration 
so that it can be felt better than seen. 

A duodenal ulcer situated in the first part of the duodenum, or more 
specificially the duodenal bulb (pyloric cap), is usually small and 
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associated with marked cicatricial contraction, so that small diverticula 
are often formed between the ulcer and the pylorus. In very chronic 
and especially in healed ulcers cicatricial contraction may shorten 
the distance between the pylorus and the papilla from the normal 
8 to 6.5 cm. or less. 


Microscopically in well-fixed 
surgical material four zones can 
be distinguished in the floor of 
the ulcer (Fig. 234) : (1) an in- 
flammatory zone consisting of 
fibrin and polymorphonuclear 
leucocytes; (2) a zone of necrotic 



Fi«. 2S3. — Peptic ulcer. This is a Fig. 234. — Peptic ulcer showing zones of 
rharac.teristic (»xainple of an innocent necrosis, granulation tissue, end fibrosis 
ulcer of the stomach. X 200. 


granulation tissue; (3) a zone of living granulation tissues; (4; a 
zone of dense scar tissue which forms one of the most important 
features of the ulcer. (Plate XI.) It extends in the submucosa for soni.i 
distance under the intact mucous membrane, and materially interferes 
with healing in preventing the approximation of the edges. (Fig. 235.) 
When a chronic peptic ulcer reaches a certain stage it simply cannot 
heal. There is nearly always greater destruction of the muscular coat 
than of the mucosa. Evidence of active inflammation in the shape of 
dilated vessels and foci of chronic inflammatory cells can be seen even 
in the most quiescent scar tissue, showing that irritation is still going on. 
The vessels are often narrowed by very marked endarteritis obliterans. 
At the margin of the ulcer there may be evidence of epithelial pro- 
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liferation in the form of downgrowths, and glandular tissue may be 
found beneath the muscular is mucosae. These changes are apt to be 
wrongly interpreted as indicating carcinoma. 

Healing.— Acute ulcers and erosions heal rapidly and easily. Chronic 
ulcers may also heal though with difficulty. It appears likely from 
logical evidence that an ulcer may heal, recur, break down, and heal 
again, with each recurrence becoming deeper and more fibrotic. Heal- 
ing is interfered with by (1) the acid gastric juice, (2) the necrotic layer 
on the base which covers the granulation tissue and provides no foot- 
ing for the ingrowing epithelium, and (3) the dense scar tissue which 
prevents approximation of the edges. It is difficult to study the 
healing process in human material, but Mann has given us an excellent 



Fig. 235. — Peptic ulcer. The submucosa is extensively fibrosed. Tliere are large 
collections of inflammatory cells far below the surface of the ulcer. 


study of the process in experimental ulcers. When the experimental 
ulcer (which is chronic in type) is protected from the acid gastric juice 
by gastro-enterostomy the base becomes clean in a few days, the 
mucosa starts to grow in from the edges in ten days, and by the end 
of a month it is almost impossible to fir'd the site of the lesion, the 
hard and indurated base having become quite soft and thin. Micro-- 
scopically the leucocytes and necrotic tissue disappear, the ulcer 
becomes filled with healthy granulation tissue, over which the mucosa 
grows as a single layer of flat cells which later become to pically colum- 
nar and form tubular glands. The young mucosal cells are at first very 
fragile and easily destroyed by the passage of gastric contents over 
the ulcer. 
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The Relation of Symptoms to Lesions. — The great symptom is pain, relieved 
by the taking of food and alkalis. It is when the stomach is empty that the 
pain is most severe, so that the patient may have to get up in the middle of 
the night to eat a biscuit or drink a glass of milk. There are two possible 
explanations of the pain, both of which have warm supporters. (1) It may be 
due to the acid gastric juice acting on the raw surface of the ulcer. As the 
acidity is neutralized by food or alkalis the pain becomes relieved. When the 
ulcer becomes perforating the pain is no longer relieved by alkalis. (2) The 
pain may be muscular in nature and unconnected with the action of the acid 
juice on the ulcer. The inflammatory foci in the muscularis give rise to con- 
tractions in the neighborhood of the ulcer and especially at the pylorus. 
.These increase the intragastric pressure and the tension of the muscle fibers, 
and this increase is reflected in the sensation of pain. 

A patient may present a typical history of peptic ulcer, yet operation may 
reveal no lesion in the stomach or duodenum. These organs receive the same 
double nerve supply (sympathetic and parasympathetic) as the other abdom- 
inal organs, and the possibility of reflected painful sensations must be borne 
in mind. The stomach is like a sensitive receiving set which tunes in to distant 
stations; at the same time it is a loud speaker which amplifies any notes of 
distress it may receive. Not only may all the symptoms of ulcer be present 
without an ulcer, but a well-developed ulcer may be present without symptoms. 
These facts do not make the task of explaining the clinical picture any easier. 

The other symptoms are rather in the nature of complications. Hemorrhage 
is very common. It is due to erosion of a vessel in the floor of the ulcer. If 
the hemorrhage is severe the blood will be vomited; when the blood has been 
retained in the stomach and altered by digestion the vomitus will have a brown 
(coffee-ground) appearance. If the hemorrhage is slight it may only be detected 
in the form of occult blood in the stools. Minute erosions may cause oozing 
of blood from the mucosa (gastrostaxis). Perforation is more likely to occur 
in ulcers with a very short history in which there is rapid penetration of the 
muscular wall. In ulcers of long standing there are likely to be adhesions 
between the ulcer on the posterior wall of the stomach and such organs as the 
liver and pancreas. As duodenal ulcer is commoner on the anterior than the 
posterior wall, perforation is more likely to occur in this form of peptic ulcer. 
Cicatricial contraction at the pylorus will cause pyloric stenosis and great 
dilatation of the stomach. If the ulcer is on the lesser curvature the scar tissue 
may pull upon the greater curvature causing the constriction characteristic 
of hour-glass stomach. 


Malignant Change in Gastric Ulcer. — On this Important question 
much difference of opinion exists. The matter is important because 
the outlook on treatment (medical or surgical) is so much influenced 
by the answer to the question. Some observers consider that the 
majority of simple ulcers show microscopic evidence of malignant 
change. Others give as low a figure as 5 per cent. There is no doubt 
that a chronic peptic ulcer may become carcinomatous, just as an ulcer 
in any part of the body may undergo malignant change. The important 
question is, how often does this occur? The difference of opinion 
depends largely on different interpretations of the microscopic appear- 
’ ance. To one pathologist the presence of isolated abnormal epithelial 
cells and aberrant tubules in the neighborhood of a tumor spells 
carcinoma, while to another they are the result of distortion produced 
by the contracting fibrous tissue or merely part of the regenerative 
process. In examining a malignant ulcer the following points would 
be in favor of it representing a malignant change in a peptic ulcer: 
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(1) the edge is carcinomatous but not the base, for the latter is densely 
fibrous and resists invasion by carcinoma cells; (2) marked endarteritis; 
(3) complete destruction of the muscular coat and its replacement by 
fibrous tissue; (4) fusion of the muscularis mucosae and the mus(?ular 
coat at the margin of the ulcer due to healing. 

The site of election of the lesion suggests that malignant change is 
not of common occurrence. The majority of cancers are situated at 
the pylorus, whereas the majority of ulcers are from 2 to 4 inches 
from the pylorus. 

The clinical evidence is as important as the pathological. The true 
ulcer cases have a history of many years’ duration, whereas in cancer 
there is usually a history of only a few months’ gastric disturbance, 
the patient often remarking that previously he was “able to digest 
nails.” If cancer were often preceded by ulcer the reverse would be 
the case. Finally, ulcer of the duodenum is very common and cancer 
of the duodenum is extremely rare. Occasionally the symptoms of 
ulcer may change into those of cancer, the pain becoming continuous 
and losing its relation to food. The most reasonable figures appear 
to be as follows: about 5 per cent of chronic gastric ulcers become 
malignant, while about 20 per cent of gastric cancers arise from a 
preexisting ulcer. 

Secondary Jejunal Ulcer.— After the operation of gastro-enterostomy for 
pejitic ulcer a secondary ulcer may develop at the gastro-jejunal junction or 
in the efferent loop of the jejunum within a few inches of the opening (stoma 
ulcei). This has all the characters of a peptic ulcer. It is caused by the unac- 
customed action of the acid gastric juice on the mucosa of the jejunum, together 
with some accessory factor such as local injury of the mucosa due to the 
presence of an unabsorbable suture. 

TUMORS OF THE STOMACH 

Cancer of the Stomach. —C arcinoma of the stomach is the commonest 
form of malignant disease affecting the internal organs. In Great 
.Britain it is nearly three times as common as cancer of the uterus and 
twice as common as cancer of the breast. Moreover, on account of its 
remarkable silence the cure-rate is the worst in malignant disease. 
About one-half of human cancers occur in the alimentary canal. Such 
cancers are very rare in all other series of animals. Thus in 142,000 
mice only 15 had cancer of the stomach at autopsy (Wells). It is 
moreover impossible to produce gastric carcinoma experimentally by 
means of the various carcinogenic agents which are so potent a means 
of producing tumors in other sites. The disease is much more frequent 
in the poorer classes than among the well-to-do. Thus in England it is 
three times commoner amongst the poor. The geographic incidence is 
also of interest. In Britain the incidence is 22 per cent of all cancers 
in men, in America 42 per cent, in Holland 55 per cent, in Czecho- 
slo^ akia 66 per cent. These differences are probably due to different 
habits in eating, drinking and chewing tobacco, possibly also to dental 
hygiene. All of these may lead to chronic gastritis, which is probably 
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a prccancerous condition of importance. It may be noted that the inci- 
dence is high among stokers and barmen, but low among clergymen. 
Perhaps the most remarkable fact in the geographic pathology of 
gastric carcinoma is the almost complete absence of the disease amongst 
the Malays of Java and Sumatra, whereas primary cancer of the liver 
heads the list of malignant disease amongst these people (Bonne). 
Gastric ulcer is equally rare. On the other hand amongst the Chinese 
of these islands both gastric cancer and gastric ulcer are common, 
although surpassed in this respect by cancer of the liver. The tisual 
. age period is about sixty, but it may occur much earlier. The common 
site is the pyloric region. About 60 per cent occur in this position, 
20 per cent along the lesser curvature and at the cardiac end, while 
most of the remaining 20 per cent are along the greater curvature. 
This distribution should be compared with that of peptic ulcer. The 
question of the relation of carcinoma to simple ulcer has already been 
discussed. About 5 per cent of chronic gastric ulcers may develop 
into carcinoma. 

Symptoms. -The chief symptoms are dyspepsia in a man in the cancer age 
period who has previously had a good digestion, loss of appetite, with pain 
as a late manifestation. The gastric contents show absence of free hydro- 
chloric, presence of lactic acid and blood. Loss of weight and marked anemia 
arc among the general symptoms. 



Fig. 2.‘j6.— Polypoid form of carcinoma of stomach. (Boyd’s Surgical Pathology.) 

Lesions.— The gross appearance varies greatly. (1) The tumor may 
form a large, soft, fungating mass which projects into the lumen of 
the stomach like a mushroom. Ulceration of the surface gives rise to 
infection and hemorrhage. This may be called the papillary form. 
(Fig. 236.) (2) More often the tumor is only slightly elevated and 

early becomes ulcerated. The edges of the ulcer are raised and rounded, 
and its diameter may be much greater (above 2.5 cm.) than that of the 
usual peptic ulcer, although there are exceptions to this rule. This 
variety is the excavating form. (Fig. 237.) A simple ulcer which 
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becomes malignant belongs to this group. The cut surface shows 
marked thickening of the wall with yellow flecks of necrosis, and some- 
times nodules on the serous surface. (3) The difftise infiltrating form, 



Fig. 237. — Excavating carcinoma of stomach. (Boyd’s Surgical Pathology.) 



Fio. 238. — Carcinoma of the stomach. This is an example of the local pyloric form of 

the infiltrating variety. 


in which no real tumor is seen but a great thickening of the stomach 
wall. This may be local or diffuse. The local form occurs at the 
pylorus, where there is a dense ring of sclerotic tissue which causes 
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great pyloric stenosis and marked dilatation of the stomach. (Fig. 
238.) The cut surface is greatly thickened and densely hard. The 
diffuse variety is known as linitis plastica, cirrhosis of the stomach, 
and leather-bottle stomach. The entire stomach is involved; it is very 
small and very thick-walled. The normal stomach is about 12 inches 
long and contains 40 ounces; the leather-bottle stomach may only 
measure 4 inches and contain only 4 ounces. The wall may be an inch 
thick. The walls of the stomach are peculiarly stiff and rigid. There is 
no ulceration of the surface, but the mucosa is firmly tacked down to 
the underlying muscular coat. The stomach is involved from the 
cardia to the fundus; the thickening stoj)s abruptly at the pyloric ring 
and does not invade the duodenum. In the diffuse form it may be very 
difficult to demonstrate any cancer cells, most of which seem to die 
out, so that the condition is of low malignancy. 



Fig. 239. — Carcinoma of stomach. The i udimentaiy glands to the left are highly 
malignant in type. X 300. 


The microscopic appeara^ice varies considerably. Although the 
stomach is a glandular organ, cancer frequently fails to form even 
rudimentary glands. The cells are usually arranged in cords or masses, 
or seen as isolated cells. This is in marked contrast to cancer of the 
bowel, in which an adenomatous arrangement is nearly always well 
marked. The polypoid (less malignant) form is likely to show the 
best examples of glandular arrangement. (Fig. 239.) The normal 
mucosa is replaced by atypical glandular tubules which penetrate the 
muscu laris mucosie, spread wddely in the submucous coat, and may 
finally appear on the serous surface. The glands are lined by one or 
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several layers of cells with large hyperchromatic nuclei so that the 
tubules appear much darker than the surrounding normal ones. In 
other cases the tumor is more anaplastic^ glandular acini are poorly 
formed or completely absent, and the cancer cells are arranged in 
masses or in single coliunns separated by a dense stroma of the scir- 
rhous type. Such a picture is more likely to be seen in ulcerocarci- 
noma. The most extreme anaplasia is met with in the diffuse infiltrat- 
ing variety, but in spite of the anaplasia the tumor is not of a high 
grade of malignancy. Here there is no attempt at gland formation, 
and the individual cells or clumps of cells are lost in a scar-like stroma 
so dense that it appears to be strangling them. Many of the cancer cells 
contain droplets of mucin which can be stained red with Best’s carmine 
stain, a valuable method of identifying malignant cells embedded in 
dense fibrous tissue. When the mucin production is excessive the tumor 
is converted into a soft gelatinous mass; this variety is called mucoid, 
carcinoma, formerly known as colloid cancer, and forms about 5 per 
cent of gastric carcinomas. The cells arc distended and finally de- 
stroyed by clear mucinous material, but clumps of recognizable carci- 
noma cells are found here and there. The change does not affect the 
prognosis. 

Gastritis and Carcinoma , — The mucous membrane not only in the 
immediate neighborhood of the tumor but also at a distance may show^ 
chronic gastritis, either atrophic or hyperplastic, w^ith atrophy of the 
peptic cells and tubules, and a transformation of the gastric into the 
intestinal type of cells with many goblet cells. The changes are asso- 
ciated with an early diminution or disappearance of the hydrochloric 
acid in the gastric juice. The gastritis, which is much more evident 
in surgical than in autopsy material, may be regarded as a precancerous 
condition, and by some these changes are believed invariably to precede 
carcinoma. In other words, carcinoma docs not originate in a normal 
stomach. 

Spread.— Cancer of the stomach spreads locally, to the lymph nodes, 
and to distant organs. (1) Local spread occurs both in the stomach 
wall and to neighboring organs. Spread in the stomach wall takes 
place mainly in the loose submucous coat. In the diffuse infiltrating 
form the entire submucosa is first infiltrated and then becomes fibrosed. 
The tumor may penetrate the entire thickness of the wall and appear 
on the serous surface, from which the tumor cells may be spread by 
implantation over the abdomen (peritoneum, omentum, ovaries). The 
duodenum is never invaded, the tumor stopping short at the pylorus. 
Spread to neighboring organs usually involves the liver or the pan- 
creas when the cancer is on the posterior wall of the stomach. (2) 
Spread to the lymph nodes is extremely common. At first the regional 
nodes draining the stomach are affected, but there may be distant 
spread along the thoracic duct, and the supraclavicular and cervdeal 
glands may be enlarged, especially on the left side. (3) Spread to 
distant organs is by the blood stream. The liver is involved first and 
most frequently via the portal vein. It may be enormously enlarged 
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though the gastric tumor may be too small to be detected clinically. 
There may be blood spread to the lungs, central nervous system, 
kidneys and bones. The abdominal organs, especially the ovaries, may 
be infected by implantation from a tumor which has perforated the 
serous coat. 

Prognosis .-— with other forms of cancer, this depends on early 
diagnosis. The outlook is not so unfavorable as is commonly believed, 
and is steadily becoming less so. Of 1(),C)00 patients at the Mayo 
clinic who survived resection of the stomach between 1907 and 1938 
29 per cent were alive at the end of five years, after which the chance 
of survival was about the same as for j^ersons of comparable age in the 
general population (Walters et al.). 

The Relation of S3rmptoms to Lesions. — Pain as an early symptom is unfor- 
tunately absent in about one-half the cases of cancer of the stomach, for it 
depends on destruction and irritation of the muscular coat; quiet infiltration 
by tumor cells may cause little irritation. Pain is likely to be present in ulcero- 
carcinoma, and when the tumor is at the pylorus where it excites spasm. If 
the pain of chronic peptic ulcer in a man in the cancer age changes its char- 
acter, becomes continuous, and loses 
its relation to food, a malignant 
change is probably taking place. 

Loss of appetite and a sense of satiety 
before the meal is finished are due 
to the carcinomatous infiltration of 
the muscular coat interfering with 
the healthy tonus upon which the 
sensation of hunger depends. (Fig. 

240.) AhspMce of free hydrochloric 
acid in the stomach contents is due 
partly to the destruction of the 
mucous membrane by the tumor, 
pai’tly to secondary changes which 
develop in the rest of the mucosa 
leading to atrophy of the oxyntic cells. 

The suppression of hydrochloric acid 
is not so constant or complete as in 
pernicious anemia. In early card- Fig. 240. — Carcinomatous invasion of 
noma free hydrochloric acid is often th© muscular wall of the s-tomach. It is 
present, and it can be demonstrated ikis infiltration which destroys the muscle 
by the fractional method in about responsible for the loss of 

one-half the operable cases. Lactic appetite, x 175. 
acid appears as the result of pyloric 

obstruction and the decomposition of retained food. Blood in the stool 
(occult blood) is a most important and constant sign; it is due to ulceration 
and will therefore be absent in the diffuse infiltrating form. It can also be 
found in the stomach contents. Fragments of tumor may be found in the 
stomach washings. Anemia is very common. It is usually of the secondary 
type, but is occasionally indistinguishable from pernicious anemia except that 
the icterus index (bilirubin in the blood) is not above normal. The anemia 
may be due partly to continued loss of blood, partly to ulceration and sepsis, 
but the more primary form may well be due to that loss of the power of the 
stomach to produce the hematopoietic principle (stored later in the liver) 
which is responsible for pernicious anemia. 

Cancer of the Duodenum. - - Although simple ulcer is so common, carcinoma 
is rare in the duodenum, but in my experience not so rare as is commonly stated. 
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The usual site is the second part, not the first part as in ulcer. The tumor 
causes obstruction of the biliary and pancreatic ducts. It is easy to mistake 
cancer of the head of the pancreas for cancer of the second part of the 
duodenum. 

Sarcoina.— This is a rare tumor which forms a large polypoid mass that 
projects into the stomach. It usually arises from the muscle, so that it is a 
myosarcoma made up of elongated cells. In lymphosarcoma and Hodgkin’s 
disease there may be local lesions in the gastric mucosa. 

Innocent Tumors.—These also are rare. The commonest is a myoma 
arising from the muscle fibers and forming a mass in the cavity of the stomach 
like a submucous fibroid of the uterus. Fibroma, lipoma and hemangioma 
have been described. Multiple adenomata or diffuse gastric polyposis is a 
condition in which soft polypoid masses are scattered over the surface of the 
mucous membrane or are arranged in a group. TJie nucroscopic structure 
shows an adenomatous formation of new glands. Occasionally one of the 
adenomata may become malignant. Severe anemia and achylia gastrica are 
common symptoms. 

Adenomyoma is a rare and peculiar lesion which is confined to the pyloric 
end of the stomach, but may also occur in the duodenum and jejunum. Form- 
ing a localized yellowish nodule in the wall of the stomach (where it may be 
mistaken for carcinoma) or bowel, it really appears to be a benign neoplasm 
arising from heterotopic epithelium. It consists of a mixture of pyloric or 
duodenal (Brunner’s) glands and pancreatic tissue arranged in nodules which 
are surrounded by plain muscle. The lesion is of clinical significance, as it 
may cause gastric symptoms. 

Tuberculosis. This is rare, and is secondary to tuberculosis elsewhere, 
usually in the lung. The usual lesion is an ulcer, single or multiple, with 
undermined edges. There may be a lump instead of an ulcer, and sometimes 
merely a scar. ^Hcroscopic examination may reveal tuberculosis in a lesion 
which has been mistaken for a peptic ulcer or cancer. 

S3rphilis. — Syphilis of the stomach is probably quite rare, although frequently 
diagnosed by some clinicians from the roentgen-ray picture and a positive 
Wassermann reaction. In 13,000 autopsies at the T.ondon Hospital Turnbull 
was unable to find a single undoubted case. The disease begins as a gumma 
which breaks down and forms an ulcer. This is likely to be large and the 
edge is hard and raised, so that it is easily mistaken for a carcinomatous ulcer. 
The microscopic changes are those characteristic of syphilis, e., infiltration 
with plasma cells, lymphocytes and eosinophils, endarteritis obliterans and 
marked fibrosis. It must t)e remembered that any of those changes may be 
found in the base of a simple peptic ulcer, so that the only incontrovertible 
proof that the ulcer is syphilitic is the finding of the Spirochieta pallida either 
in sections or by animal inoculation. 

POSTMORTEM DIGESTION 

No organ shows postmortem change so quickly as the stomach, 
because after death the anti-enzymes disappear which prevent the 
gastric juice from acting on the stomach wall during life. There 
may be mere softening of the mucasa at the cardiac end so that it can 
be scraped oflF, or the gastric juice may cat a hole in the stomach 
wall at the cardiac end and sometimes in the diaphragm, so that 
gastric contents arc found in the abdominal and pleural cavities. To 
distinguish this from an antemortem condition (which may be of 
importance in suspected foul play), the edges of the opening are 
examined microscopically for evidence of reaction, Avhich of course is 
absent if the lesion is a postmortem one. 
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CONGENITAL PTLORIC STENOSIS 

This is a condition of congenital hypertrophy of the pylorus usually 
occurring in male breast-fed infants. The pylorus is greatly thickened 
so that it projects into the duodenum. The thickening extends for 
a few centimeters along the pyloric canal, then gradually disappears. 
The pyloric opening is greatly narrowed and is filled with closely- 
packed folds of mucous membrane. The thickening is caused by an 
enormous hypertrophy of the circular layer of muscle fibers. An 
element of spasm seems to be added to the hypertrophy, because the 
persistent vomiting which is the principal symptom of the stenosis 
does not begin for a week or two. The thickened pylorus can often 
be felt as a round firm mass. Surgery offers no more dramatic result 
than in the case of the Fredet-Rammstedt operation, which consists 
in dividing the h;>'pertrophied muscle down to the mucosa; the vomiting 
stops as if by magic, and the starved child at once begins to put on 
weight. 

ACUTE DILATATION OF THE STOMACH 

After an abdominal operation under general anesthesia the stomach 
may occasionally bec^ome very rapidly distended until it reaches an 
enormous size. The condition is likely to be fatal unless treated 
promptly. At autopsy the stomach may fill the greater part of the 
abdomen, its wall is very thin, and it contains a very large amount 
of fluid, although in the early stages the contents are entirely gaseous. 
The dilatation may stop at the pylorus or may extend as far as the 
point where the third part of the duodenum is crossed by the superior 
mesenteric vessels. It is probable that there are two etiological 
factors; (1) reflex atony of the stomach wall produced by trauma to 
the abdominal organs similar to the paralysis of the bladder, which 
may follow operations on the perineum; (2) swallowing of air while 
the patient is under the anesthetic. In the later stages there is a 
great outpouring of water fluid known as gastric suceorrhea. The 
use of the stomach tube in the early stage soon relieves the condition. 

CHRONIC DUODENAL ILEUS 

Chronic ileus (obstruction) of the duodenum may be caused by narrowing 
of the angle betweeen the superior mesenteric artery and tlie aorta through 
which the third part of the duodenum has to pass. Pressure on the duodenum 
is produced by the downward pull of the small intestine if it hangs over the 
brim of the pelvis without resting on the floor of the pelvis. The duodenum 
may be exti*einely dilated and its wall thickened. The intestine beyond the 
obstruction is coliapsod. In some cases the stomach may share in the dilatation. 

Duodenitis. Inflammation of the duodenum without ulceration appears to 
be a distinct entity. Although there is no mucosal defect, the submucosa and 
muscularis are infiltrated with leucocytes and lymphocytes, and show con- 
gestion and edema. Similar lesions are found in the neighborhood of a chronic 
ulcer. The serosal surface is congested and may be stippled. The symptoms 
are tiften similar to those of ulcer, and there may even be hemorrhage. The 
lesion may involve the ampulla of Vater and obstruct the passage of bile 
into the duodenum, thus producing an obstructive jaundice which may easily 
be mistaken for that caused by cancer of the head of the pancreas. 
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DUODENAL DIVERTICULA 

Roentgen-ray studies have shown that diverticula of the duodenum 
are much commoner than used to be thought. Two types may be 
recognized, primary and secondary. A primary diverticulum usually 
arises from the second part of the duodenum, sometimes from the 
first part, rarely from the third part. It springs from the inner and 
posterior aspect of the bowel along the line of entrance of the vessels 
which weaken the wall. There is a herniation of the mucosa through 
the muscular coat, and the sac thus formed may be as small as a pea 
or as large as a plum. It may be single or multiple. It occurs in 
middle and late life. Often discovered accidentally, it may give rise 
to no symptoms, but when large it may cause dyspepsia, probably from 
pressure. Secondary diverticula are secondary to a duodenal ulcer, 
so that they occur in the first part of the duodenum. There may be 
bulging of one or both sides of a healed scar due to traction. The 
condition is of no clinical significance. 
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CHAPTER XX 


THE INTESTINES 

ENTERITIS 

Enteritis means inflammation of the intestine {enterony intestine). 
The term may be used in this sense, but as colitis signifies inflammation 
of the large bowel, enteritis is often limited to inflammation of the 
small bowel. Enteritis is usually a catarrhal inflammation. It may 
be ulcerative. The term membranous or diphtheritic inflammation is 
applied to those cases in which a definite layer of necrotic mucosa and 
fibrin is formed. 

Acute enteritis may be produced by: (1) indigestible and irritating 
foods, (2) food poisoning, and (3) chemical poisons. So-called food 
poisoning is really due to the action of pathogenic bacteria contained in 
the decomposing food, the most important being Bacillus enteritidis 
(Gartner) and the paratyphoid group. Many chemical poisons may 
irritate the intestine. Arsenic and mercury cause iiiflainmation of the 
lower part of the ileum and most of the large bowel, apparently being 
excreted lower down after having been absorbed. In infective fevers, 
septicemia, and uremia enteritis may be present. 

Lesions.— The mucous membrane is swollen, edematous, covered 
with a slimy exudate, and flecked with red spots. It is seldom rod 
throughout except in the severe inflammation produced by chemical 
poisons. The lymphoid follicles, particularly in children, are often 
swollen and the overlying mucosa may be shed off so as to form little, 
clear-cut, shallow ulcers (follicular ulcers). Microscopically the change 
is confined to the mucosa and submucosa which are infiltrated with 
round cells and show marked edema. Polymorphonuclears are present 
in the more acute stages. The surface epithelium is degenerated, but 
in the intestine as in the stomach it is always difficult to separate 
antemortem from postmortem degenerative changes. 

BACILLARY DYSENTERY 

Bacillary dysentery and amoebic dysentery are two entirely different 
diseases, and the only justification for grouping them under one heading 
is historical usage. Bacillary dysentery is very common in tropical 
countries, but is also found in the temperate zone, especially where 
men are crowded together under poor hygienic conditions. It is thus 
a great destroyer of armies in the field, it appears in large mental 
hospitals in both endemic and epidemic form, and it is the chief cause 
of the acute enteritis of children associated with the passage of pus 
and blood. 

Bacteriology. “The dysentery bacillus belongs to the coliform group, 
being Gram-negative but non-inotile. There are several varieties 
(614) 
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which can be grouped into two main classes, the Shiga group and the 
Flexner group. The Shiga bacillus is a non-mannite fermenter, and 
produces both an exotoxin and an endotoxin upon the intestinal 
mucosa. The Flexner form produces no exotoxin, and its endotoxin 
is not very potent. The two forms of infection can be differentiated 
by testing the agglutinating power of specific Shiga and Flexner anti- 
sera against the organisms isolated from the feces. By the end of a 
week the patient’s blood develops specific agglutinins, so that by test- 
ing the serum against the two cultures the form of infection can be 
determined. 

Symptoms. — Dysentery is a diarrhea characterized by the presence of mucus, 
pus, and blood in the stools (a ^^bloody flux”), and accompanied by straining 
and tenesmus. The infection is an acute one lasting several weeks, but the 
condition may become chronic or there may be periodic recurrences. In 
addition to the local symptoms the patient shows evidence of the action of a 
powerful diffusible toxin and dies of toxemia. 

Lesions.— Bacillary dysentery resembles diphtheria in that the bacilli 
remain locJiHzcd, do not penetrate the tissues at first nor invade the 
blood stream, and produce local necrosis and distant damage by the 
means of their exotoxins. When an ulcer has been produced the 
bacilli may penetrate into the deeper parts of the wall. The disease 
is an acute colitis, but the lower part of the ileum may also be involved. 
The toxins cause an acute inflammation of the wall of the bowel, 
patches of the mucous membrane become necrotic, are converted into 
sloughs, and when these separate, ulcers are formed. The surface of 
the ulcer may become covered by an inflammatory exudate consisting 
of fibrin and polymorphonuclear leucocytes which, together with the 
necrotic material, may form a false membrane (diphtheritic inflam- 
mation). The ulcers seldom penetrate the muscularis mucosae, but 
sometimes they may reach the serous coat and perforate. The ulcers 
are clear cut, and have not the undermined edges seen in the amoebic 
form. There may be many small ulcers, or they may coalesce to form a 
few very large ones. The mucosa between the ulcers may become 
papillomatous. 

Mwroacoincally the wall of the bowel is infiltrated with polymorpho- 
nuclear leucocytes. There is marked edema and thickening of the 
submucosa. Large numbers of bacilli are present in the floor of the 
ulcer. Healing takes place by the formation of granulation tissue which 
becomes covered by a simple epithelium without glands. If the ulcera- 
tion is superficial there is little scarring, but w^hen deep there may be 
much scar formation with the production of marked stenosis of the 
bowel. 

The Relation of Sj^ptoms to Lesions.— The pain, tenesmus, and diarrhea 
are due to the acute inflammation of the large bowel. The pus and blood in 
the stools are the result of the ulceration. Mucus may be abundant, especially 
in the chronic cases. As the disease is a local one there are no signs of septi- 
cemia, such as acute splenic swelling. The toxins may act on the nervous 
system, producing a peripheral neuritis, and on the joints causing a painful 
effusion. liver abscesses are very rare (cf. Amcebic dysentery). 
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AMCEBIC DYSENTERY 

The amoebic form of dysentery is caused by Entamoeba histolytica, 
a protozoal parasite. It is more gradual in onset and more protracted 
in its course than the bacillary form, sometimes lasting for months 
or years. The incubation period varies from ten to ninety days. 
Although primarily a disease of the tropics there is a growing incidence 
of infestation with the parasite in temperate regions, and serious 
localized epidemics are becoming more common. These can usually 
be traced to cooks and other handlers of food (in hotels, etc.) who arc 
either carriers of the amoeba or suffer from the disease in a mild form. 
An infected water supply is another source of danger. A remarkable 
outbreak occurred in Chicago, June 1933-June 1934, during which 
period there were 1409 cases (98 deaths). 75 i)er cent of whom had 
contact with one t)r other of two hotels. From this center the disease 
was scattered over 400 cities, 43 states and 3 Canadian provinces. 
At first it was thought to be a carrier epidemic, as the incidence of 
carriers among the employees of the two hotels was 37.8 and 47.4 per 
cent, but eventually it was traced to water infection, an overhead sewer 
leaking into the drinking water supply. ^Fhe parasite may be present 
in two forms, one active or amoeboid (trophozoite), the other encysted. 
The latter is dcA eloped when conditions for growth arc not favorable, 
and is the only infecti\*e form, for the active form is destroyed by the 
HCl as it passes through the stomach. The cysts may live outside 
the body for weeks in moisture and shade. The acti\'e form is detected 
by direct microscopic examination of a warm stool preparation, l)ut 
the cysts are shown up best when such a preparation is stained with 
a mixture of iodine and eosin. The cysts do not occur in the tissues, 
nor are they passed in any numbers in the acute dysenteric stage 
(diarrhea); they are generally found only in semifornied or formed 
stools. For doubtful encysted forms a fixed smear should bo stained 
with iron hematoxylin. In acute cases the stool contains the active 
form, while in chronic cases and carriers cysts are to be expected. The 
features by which the two forms may be recognized are described in 
Chapter VIII. 

Lesions.— When a cyst is swallowed in food or water it breaks up 
in the lower part of the small bowel and liberates a single amoeba 
with 4 nuclei. These divide into 8, and 8 small amoebie are found. 
WTien they reach the large bowel they penetrate the lumen of the 
glands and, destroying the epithelium with which they come in contact 
by proteolytic enzymes, they penetrate the deeper tissues. No lesion 
is produced in the b(nvel unless the amoebae colonize actively; they 
merely enter the portal venules and to a lesser extent the lymphatics. 
If they colonize in the submucosa, the result is dysentery. The para- 
sites spread out in this coat and set up a colliciuative necrosis by virtue 
of the proteolytic ferment which they produce. All this is quite 
different from bacillarj^ dysentery where the organisms remain on the 
surface and by means of their diffusible toxins excite a suppurative 



AMCEBIC DYSENTERY 


617 


inflammation instead of a quiet necrosis in the underlying tissue. The 
mucosa overlying the necrotic area also dies and is cast off as a slough, 
so that ragged ulcers are formed. These ulcers have deeply under- 
mined edges, because the submucosa is more extensively involved than 
the mucosa. The mucosa between the ulcers appears remarkably 
healthy because no diffusible toxin is at work. The ulcers are deeper 
than in the bacillary form, and the floor is often formed by the thick- 
ened peritoneum. 

The mwroscojric picture is one of quiet necrosis with little of no 
inflammation. Large numbers of amoebse can be seen in the wall of 
the bowel. They digest the surrounding tissue by means of their 
proteolytic ferment, so that they frequently lie in small spaces (Fig. 
241), but they appear to excite comparatively little reaction. Any 
inflammatory cells in the floor of the ulcer are mononuclear in type. 
At a later date secondary infection may occur and this may cause 
some suppuration. The amoeba; penetrate the portal venules and can 
be seen lying within the lumen, so that they readily pass to the liver. 

Liver al)sce,sji is thus a common 
complication of ama*bic dysentery. 

Although the lesion is commonly 
known as solitary abscess, it is 
multiple in over 50 per cent of the 
cases, being more frequent in the 
right lobe. There may be a few 
large or nunierous small abscesses. 

The lesions are really not true ab- 
scesses, but are formed b;v' the lique- 
faction necrosis of the liver cells 
produc^ed by the digestive ferment 
of the amceba;. The abscess may 
rupture into the abdominal cavity, 
or through the diaphragm into the 
lung, the patient expectorating a 
brown ‘^anchovy sauce’" material 
containing many amoeba;. 

Bacillary and Amcebic Dysentery 
Compared.— The cliief symptom of dys- 
entciy— diarrhea with blood, mucus 
and pus in the stools is the same in 
both fonns. Bacteriological and immunological tests are of value in differ- 
entiating the two forms, but a rapid and useful method is the cytological 
examination of the stools, the type of cell depending on the histological re- 
action in the lesions. Tt will be remembered that there are three types of 
necrosis: lysis, pyknosis, and karyorrhexis. In bacillary infections cellular 
lysis is marked, the result being “ghost cells’’ from the macrophages and 
“ring nuclei” from the polymorphonuclear leucocytes. About 90 per cent of 
the cells are polymorphonuclears, but this loses its value from the fact that 
when amoebic lesions become secondarily infected the exudates may be 
purulent. The most important cells are the macrophages and their ghost 
forms. Unfortunately these may bear a striking resemblance to arncebap, and 



Fig. 241. — Amaeba histolytica in wall 
of bowel. X 400. 
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be a cause of mistaken diaf»;iiosis except in the hands of an expert, as happened 
in the epidemics both at (jallipoli and on Corresidor. Jn pure amaibic in- 
fections the cells are few in number and are mainly mononuclears. They 
present either a “mouse-eaten” appearance due to the action of the digestive 
enzyme on parts of the cytoplasm, or “pyknotic bodies” from the nuclear 
fragments. Lar»2;e numbers of red blood cells are always present in addition 
to the aimrba?. Charcot-Leyden crystals are characteristic of amcebic 
dysentery, and are not found in the bacillary form. 

Some of the princi]ial points in which bacillarj' dilTers from amoebic dys- 
entery are summarized as follows: 


1 • Type of lotion 
2. Depth of uloer 
a. Keipe of ulcer 

4. Inter\ mucos.'i 

5. OrKJnu&nis in Ic.'^iuiis 
ti. Cytology of stools 
7. Liver abscess 


Bacillary dysentery 
Sut)p\!iative 
Generally sliallow 
Sharp 
Iiinaincil 

Bacillus dysontoriai 
Poly niorpl ion uclears 
Rare 


Amoebic dysentery 
Necrotic 
Generally deep 
Underiiiined 
Normal 

Kn taiiicxil )a h istoly t ica 

Mononuclears 

Common 


IDIOPATHIC ULCERATIVE COLITIS 

Bacillary and aiiKchic dysentery are comparative rarities in civ ilian 
practice in non-tropical countries. C’ases with symptoms of dysentery 
and ulcerative lesions in the large bowel but in which there is no 
evidence of infection with B. dysenteriie or E. histolytica are common. 
They form a puzzling and unsatisfactory group both to the physician 
and the pathologist. In some cases the symptoms and presumably 
the lesions develop at the end of some chronic disease. In others tin* 
condition is of long standing continuing for years, although marked 
by remissions and exacerbations. These are known as chronic ul(*era- 
tiv'e colitis. Some of the idiopathic cases, howev^er, may run an acute 
course; in one of my cases the entire course was of fiv'e weeks’ duration, 
yet at autopsy the lesions were unbelievably extensiv^e. As the etiology 
is unknown they may be classed as idiopathic. It has been suggested 
by some that the chronic cases are a chronic manifestation of bacillary 
dysentery, by others that they are due to a specific diplococcus 
(Bargen). It is more probable that the cause still remains to be dis- 
covered, possibly a food deficiency ctiinplicated by non-specific infec- 
tion. In diseases of the intestine such as typhoid, tuberculosis and 
dysentery the infecting agent is all-important. It may well be that 
this is not the case in ulcerative colitis. Here there seems to be 
something lacking in the patient or rather the patient’s bowel. Under 
the best hygienic conditions he may recover for a time and remain 
well, but when he is subjected to strain, fiverwork, etc., the symptoms 
and lesions return once more. 

Chronic Xncerative Colitis.- The chief symptom is diarrliea, with 
blood, pus, and mucus in the stools. Secondary anemia and loss of 
weight are common. The roentgen-rays show a hyperactive colon with 
loss of the normal haustrations (pipe-stem colon). With the sigmoido- 
scope ulcers arc seen scattered over the reddened mucous membrane of 
the sigmoid and rectum. The ulcers are covered with mucus and 
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bleed at the slightest touch, so that it is no wonder that blood in the 
stools is common. 

l^he ulcers which form the principal lesion are usually confined 
to the colon and rectum. In fatal cases the entire large bowel may 
be covered with ulcers which vary from tiny erosions to ulcers several 
inches in diameter. Sometimes they are arranged along the line of 
the Tienia coli. The ulcers are usually quite superficial, involving 
only the mucosa, but the muscular coat may also become necrotic, so 
that occasionally the base may come to be formed by the peritoneum 
with great danger of perforation. The intervening mucosa is often 
swollen and edematous so that polypoid masses project from the surface 
(colitis polyposa). One of these polypi may become malignant. The 
wall of the bowel may be very friable, so that the sigmoidoscope has 
to be used with care. ^I'he mesenteric 4'inph nodes are sometimes 
enlarged and inflamed. 

The wicroacopic appearance is that of a chronic bacillary dysentery. 
At the site of the ulcer the mucosa has disappeared, but the submucosa 
is much thickened and infiltrated with round cells and leucocytes. 
The muscular coat is sometimes involved, and the peritoneum over the 
deep ulcers is thickened. The mucosa between the ulcers is thick, 
congested, and edematous. Healing occurs with very little scarring, 
so that there is no danger of stricture of the bowel. 

Uremic Enteritis.— In uremia there may be severe diarrhea, with 
purulent or bloody stools. The lesions are ulcerative and necrotizing. 
There arc numerous ulcers in the large bowel and the lower part of the 
small bowel, particularly in the lymphoid tissue. The enteritis is 
associated in some way with urea retention, for similar lesions can be 
produced in dogs by the intravenous injection of urea. 

TYPHOID FEVER 

Typhoid fever may be regarded as an intestinal disease, for the more 
obvious lesions are the ulcers of the bowel and it is they which give 
rise to the dangerous complications, hemorrhage and perforation. 
But it is really a general infection of the whole body, though the 
initial lesions are in the bowel, so that it is considered in connection 
with the Infectious Diseases, p. lob. 

CHOLERA 

Cholera is an acute inflammatory condition of the intestine produced by 
Koch’s spirillum and occurring mainly in tropi(!al countries. Infection is due 
to drinking polluted water. The wise Chinese are the only Orientals who do 
not suffer from cholera; they use boiled water and cooked food, they drink tea 
and eat liot rice. Like bacillary dysentery it is an example of a purely local 
infection, the other organs merely showing the effects of toxemia. Both the 
large and small intestine are much distended with watery fluid like thin barlej'^ 
soup. As a result of the constant passage of these watery stools (rice-water 
stools) the patient becomes extremely dehydrated. The entire length of the 
mucous membrane is intensely congested, being of a deep red color. Hemor- 
rhages are common. Unlike typhoid and dysentery, there is no ulceration. 
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The epithelium covering the mucosa is shed off so that a raw surface is left, 
but the mucosa itself is not destroyed, although infiltrated with inflammatory 
cells. The lymph follicles are swollen and the mesenteric lymph nodes may be 
necrotic. The spirilla are found in the intestinal contents and in the bile. 

The other organs show the effect of acute toxemia (cloudy swelling, focal 
necrosis). There is acute splenic swelling. A striking feature is the extra- 
ordinary degree of rigor mortis, the arms and legs being as stiff as iron rods. 
Inoculation against the disease is now of great value. In a barracks of 180 men 
only 4 were uninoculated, and 3 of these were the only ones to get the disease. 

TUBERCULOSIS OF THE INTESTINE 

Tuberculosis of the intestine may take two different forms, the 
ulcerative and the hypertrophic. 

Ulcerative Tuberculosis. -The infection is usually secondary to 
pulmonarj’^ tuberculosis. In children the intestinal lesion may be the 
primary one and is caused by drinking tuberculous milk. This is 
rare in America, but fairly common in England where much more 
tuberculous milk is consumed. The secondary type of lesion is due 
to massive infection from sputum which has been swallowed. A few 
bacilli do not seem to produce a recognizable lesion. For this reason 
the condition is usually associated with the presence of large cavities. 
Ulceration of the bowel is the commonest complication of pulmonary 
tuberculosis, and is found in from 50 to 80 per cent of the cases which 
come to autopsy; but it is by no means only a terminal occurrence. 

The method of infection appears to be as follows: a massive dose of 
bacilli is swallowed, and the organisms pass into the tubular glands of 
the intestinal mucosa, where an inflammatory exudate is produced in 
the depths of the gland. The bacilli are then carried through the epi- 
thelial lining by phagocytic cells, and thus reach the submucosa where 
they give rise to the usual tuberculous lesions. The overlying mucosa 
may now be cast off with the formation of an ulcer, or it may remain 
intact so that the bowel may be tuberculous though not an ulc*er can 
be seen. The bacilli may be carried from the submucosal lesion to the 
'mesenteric lymph nodes which drain that segment of the bowel, and 
there produce caseous lesions. Mesenteric lymph node tuberculosis 
indicates intestinal tuberculosis but not necessarily intestinal ulcer- 
ation. 

Symptoms. — The symptoms are general and local. The general sjnnptoms 
are those of pulmonary tuberculosis, i. e., loss of weight, asthenia, etc. Every 
case of pulmonary tuberculosis which does poorly but with no increase in the 
physical signs should suggest intestinal ulceration. The local symptoms arc 
abdominal pain, diarrhea, and the presence of pus and blood in the stools. 

Lesions. —The first lesions appear in the ileocecal region, although 
at autopsy they may be scattered over a wide area. From this site 
of election the disease spreads up and down. As is usual with tuber- 
culosis, the earliest lesions are in the lymphoid tissue and appear as 
small gray tubercles in the Peyer’s patches and solitary follicles, which 
becomes yellow from caseation, soften, and break down. (Fig. 242.) 
The overlying mucosa undergoes necrcisis and is cast off, the underlying 
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caseous tissue is discharged, and an ulcer with ragged undermined edges 
is formed. (Fig. 243.) In the small bowel the ulcer may extend as far 
as the peritoneum, but in the large bowel it is shallower and seldom 
penetrates the muscularis. Small tubercles can be seen on the serous 
coat, or they may be covered up by a plastic exudate. The overlying 



Fit;. 242. — Tubcroulosis of the bowel. There are two shallow tuberculous ulcers. 


peritoneum is usually thickened so that perforation is uncommon. The 
ulcer is supposed to spread transversely across the bowel (girdle ulcer), 
but quite often it lies in the long axis, especially when it is confined to a 
Peyer’s patch. The mesenteric lymph nodes are enlarged and may be 
caseous. Extension of the inflammation outside the bowel leads to 
adhesions, and these by contracting produc*e acute kinks of the bowel 



Fio. 243.— Tuberculous ulcer of bowel showing undermined edge and areas of necrosis 

in the base. X 15. 


which are a common cause of intestinal obstruction. The microscopic 
picture is one of tuberculous foci with epithelioid cells and lympho- 
cytes, giant cells, and caseation. (Fig. 244.) Endarteritis obliterans 
is common, and this usually prevents a large hemorrhage from 
occurring. 
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Healing is common, especially with modern methods of light treat- 
ment. The mucosa may be completely restored when the ulcer is 
shallow, and even deep ulcers become filled with granulation tissue and 
covered by a simple epithelium. But when destruction of tissue is 
extensive, cicatrization is correspondingly great, and if the ulcer is of 
the girdle type stenosis may result. These strictures are often multiple. 
Serious obstruction is much more likely to be due to kinks of the bowel 

produced by adhesions than to 
cicatricial stenosis, but in the 
primary lesions seen in children 
the cicatrices may lead to a marked 
degree of obstruction. 

Perforation of a tuberculous 
ulcer may be complete or incom- 
plete. Complete perforation in 
the general peritoneal cavity 
occurs in the small intestine 
where the ulcers are deeper, but 
it is not common owing to the 
thickening of the peritoneum. 
Incomplete perforation, which is 
much commoner, is seen in the 
large bowel, especially in the 
right iliac fossa, where it gives 
rise to a fecal abscess walled off 
by dense adhesions. 

The Relation of Symptoms to 
Lesions. — The general symptom ft bear 
no relation to the lesions. The pain 
is not caused by the ulcers, for these 
are insensitive. It is due to spasm 
of the bowel, involvement of the 
peritoneum, or tuberculous lymph- 
adenitis. The diarrhea is related to 
the hypermotility of the bowel which 
forms a striking feature of the roent- 
gen-ray picture rather than to the 
ulceration. The liypermotility seems 
to depend in turn on inflammatory 
and degenerative lesions of the myenteric plexus of Auerbach. The site 
of the disease is also related to the diarrhea; lesions of the small bowel 
are generally associated with constipation, those of the large bowel and espe- 
cially the descending colon with diarrhea. Occult blood in the stools and pus 
in small amount are due to the intestinal ulceration. 



Fig. 244.— Tuberculosis of bowel. X 100. 


Hypertrophic Tuberculosis.— The disease, which is rare in comf)ar- 
ison with the ulcerative form, commences in the ileocecal region and 
often remains confined to that i)art of the bowel, but it may extend 
up along the ileum and down along the c(;cum. It is a disease of 
young aclults and is rare over the age of forty years. 

The process is formative rather than destructive. There is a great 
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formation of granulation tissue chiefly in the submucous but also in 
the subserous coat. The mucosa is folded and nodular and projects 
into the lumen causing narrowing, which is sometimes extreme and is 
easily mistaken for malignant obstruction. The diseased bowel is 
thick and stiff, and forms a tmnor-like mass which is often taken by 
the surgeon for carcinoma. Enlargement of the regional lymph nodes 
adds to the difficulty of diagnosis in the operating room. The micro- 
scojjic picture differs from that of the ulcerative form, for though giant 
cells are numerous in the granulation 
tissue, definite tubercles are not 
common and caseation is usually 
absent. The process is diffuse and 
hyperplastic, whereas in the ulcera- 
tive form it is focal and destructive. 

The hyperplastic form is prob- 
ably a primary infection, perhaps 
bovine in type, while the ulcerative 
form is almost always secondary, 
at least in adults. If there is a fairly 
high grade of resistance, if there 
is a small dose of infection, and 
if the bacteria are of low virulence 
(bo\ine), the hyperplastic form 
may be expected. If the resistance 
is feeble, the dose large, and the 
bacteria of high Anrulcnce (human), 
the lesions are likely to be of the 
ulcerative type (JM. J. Stewart). 

It is more than possible that many 
of the cases reported may really be 
examples of sarcoidosis. 

Regional Ileitis. “ In 1932 a non- 
specific chronic inflammatory con- 
dition of the small bowel was de- 
scribed by Crohn and his associates 
under this name. The site of elec- 
tion is the final 12 or 18 inches of 
the ileum, ending abruptly at the ileocecal valve (Fig. 245), so that it 
has been called terminal ileitis, but other segments of the small and 
even the large intestine may be involved. The affected part is thick, 
heavy, and reddened. The lumen is narrowed, the intestine above 
becoming dilated. The mesentery is stiff and greatly thickened, and 
adhesion of the bowel to neighboring structures (bowel and abdominal 
wall) is followed by slow perforation and fistula formation. Micro- 
scopicaUy the picture is usually singularly non-specific, consisting of 
marked edema of the submucosa and to a lesser degree of the other 
coats, together with lymphocytic infiltration and a varying amount of 
ulceration. One of the most remarkable features is the patchiness of 



Fig. 245. — Regional ileitis. 
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the lesions. In some cases there is a lymphadenoid hyperplasia of the 
submucosa with the formation of non-caseating giant-cell systems 
resembling those of Boeck's sarcoid (Hadfield). In the later stages 
ulceration may obscure and obliterate the primary lesion in the sub- 
mucosa, but the giant-cell systems may still be found in the regional 
lymph nodes. The outstanding clinical features are a mass in the 
right iliac region, diarrhea and fever. The disease may begin with an 
attack like appendicitis, thus resembling actinomycosis of the bowel. 
The etiology is obscure, but such lesions might be caused by the lipoid 
of dead tubercle bacilli. 

ACTINOMYCOSIS OF THE INTESTINE 

Actinomycosis of the bowel usually occurs in the cecum or appendix, 
but occasionally in the pelvic colon. A mass of granulation tissue is 
formed in the submucosa, followed by ulceration of the mucous mem- 
brane. The cecum shows the same great thickening as in the hyper- 
plastic form of tuberculosis, but suppuration occurs and the mass is 
coverted into a nest of abscesses. The disease may spread to the 
abdominal wall with the formation of a sinus from which pus is dis- 
charged containing the characteristic sulphur granules in which the 
ray fungus is readily demonstrated. The liver may become involved 
by way of the portal vein, and is eventually riddled with abscesses. 
Actinomycosis of the cecum is apt to be mistaken clinically for hyper- 
plastic tuberculosis or carcinoma. 

Syphilis.— Syphilis of the intestine is extremely rare, although gununatons 
ulcers have been reported. What used to be frequently diagnosed as syphilis 
of the rectum causing stricture is now known to be lymphogranuloma venereum. 

APPENDICITIS 

In discussing the general features of appendicitis it is convenient to 
consider the acute form. It must be realized that acute does not 
necessarily mean severe. Acute inflammation of the appendix slight in 
degree is very much commoner than the severe variety. A distinction 
has been drawn between acute appendicitis, i. c., primary inflamma- 
tion of the wall due to infection from the blood or intestine, and acute 
appendicular obstruction (Wilkie). As will be seen presently, this 
distinction is probably one rather of degree than of kind. 

Etiology. -The etiological factors are exciting and predisposing. The 
two great exciting factors are obstruction and infection. It is becoming 
more and more apparent that the former is the dominant factor. 
Wangensteen and Bowers found that complete obstruction of the in- 
fected cecal appendage in the dog always results in inflammation, 
whereas if there is infection without obstruction or obstruction without 
infection no inflammation develops. Pressure-distention is an exciting 
factor of first importance; increased pressure within the lumen for six 
to twelve hours causes inflammatory changes in the walls. The re is a 
sphincter-like mechanism at the base of the appendix which makes it 
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a potential closed loop, and is probably responsible for the formation of 
concretions. Wangensteen and Bowers found that when a needle was 
passed through the tip of the uninflamed human appendix at operation 
and attached to a column of water, not a drop escaped into the cecum 
with a pressure of 40 cm. of water. This suggests that a sphincter-like 
mechanism exists at the proximal end of the appendix which may be 
stimulated to contract by increase of pressure within the lumen as well 
as through the extrinsic nerves. The symptoms of appendicitis can 
be produced by tying the base of the appendix and slowly distending 
the lumen by injecting saline solution. Obstruction, then, may be 
caused not only by the easily recognized concretion (Fig. 246), but by 
contraction of the sphincter, as well 
as by swelling of the abundant 
lymphoid tissue in the wall, prev- 
ious fibrosis of the proximal end, 
acute kinking by a band of old 
adhesions or by a congenital fold. 

Wangensteen and Bowers found ob- 
struction in 72 per cent of cases of 
acute suppurative appendicitis and 
in 100 per cent of gangrenous ap- 
pendicitis (80 per cent concretions). 

In most cases, then, obstruction 
seems to be a much more important 
initial factor than infection. The 
acute attack has been likened to a 
knock at the door saying, ‘‘ Let me 
out.’* As the result of obstruction 
the lumen becomes distended, the 
intraluminal pressure increased and 
the venous return interfered with, 
so that the vessels rupture, hemor- 
rhage occurs, the wall is poorly 
oxygenated and invaded by bacteria, 
the swelling increases, and per- 
foration is the end-result. There is 
abdominal wall may occasionally precipitate an acute attack of appen- 
dicitis. As might be expected, mild cases are much more likely to 
have had multiple attacks, because the obstruction is slight and is 
overcome spontaneously, so that the patient can go on to another 
attack. The severe (gangrenous) cases have few previous attacks, 
because the obstruction can only be overcome by perforation of the 
appendix; it is natural that fecaliths causing complete obstruction 
should be common in these cases. 

The infecting organisms appear to invade the mucosa from the 
lumen. They are probably the normal inhabitants of the appendix. 
Streptococci and B. coli are most commonly found, often in combi- 
nation. The streptococcus is probably the chief infective agent, for 



Fig. 246. — The obstructive element 
in acute appendicitis. Fibrous steno- 
sis of proximal end, dilatation and 
thinning of distal half, and occlusion 
of lumen by a fecolith. 

no doubt that a blow on the 
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the inflammation tends to spread throughout the organ in the same 
manner as streptococcal infections elsewhere. It is probable that in 
exceptional cases infection may be by the blood stream, as when 
acute appendicitis occurs in the course of acute tonsillitis or septic 
sore throat. 

The 'predisposing cmises are indefinite. The disease is commonest 
in the second and third decades; it is rare in infancy and old age. 
Previous damage to the appendix with fibrosis predisposes to future 
attacks. The disease is common in highly civilized countries and 
urban communities, but rare in remote rural districts and among 
primitive peoples. During the nine years that McCarrison practised 
among the hill tribes of the Himalayas he never saw a case of appendi- 
citis. Natives who live on a diet abundant in cellulose are immune 
from the disease, but when they adopt the diet of civilization they lose 
that immunity. These and many other similar facts suggest that 
habits of life, and in particular modes of diet such as meat-eating, arc 
of importance in predisposing toward appendicitis. 

It is very difficult to hit on a classification of appendicitis which 
will be satisfying both to the pathologist and the clinician. Tlie 
pathologist is primarily interested in reporting on appendices wliich 
have been removed by the surgeon. These may be divided into the 
following groups: acute appendicitis, healing appendicitis, fibrosed 
appendix, and normal appendix. The last need not be considered 
further. 

Acute Appendicitis,’— Acute inflammation of the appendix may 
take a variety of forms. It may be mild with correspondingly mild 
symptoms, a condition to which the clinician is fond of applying the 
quite unjustifiable term catarrhal appendintis, A patient may suffer 
from a succession of mild attacks, and it is to these recurring attacks 
that the clinician applies his favorite name of chronic append itids. 
In other cases the inflammation is severe and purulent. These may 
be called acute suppurative appendicitis. Gangrene may be present, 
particularly when there is an element of obstruction (Wilkie); these 
are cases of gangrenous appendicitis. 

In acute suppurative appendicitis the infection seems to begin at the 
bottom of one of the crypts, where a small focus of suppuration is 
formed in the mucosa. (Fig. 247.) The organisms apparently do not 
readily spread through the mucosa, because that coat may be appar- 
ently normal apart from one or two points of abscess formation 
although the rest of the appendix is acutely inflamed. The spread 
takes place in the loose submucosa, and from there through the mus- 
cularis along the line of the penetrating vessels to the subserous coat, 
where it again becomes diffuse. In looking for evidence of inflamma- 
tion, therefore, attention should be directed to the submucous and 
subserous layers. By the time the appendix is removed the muscularis 
and peritoneal surface are usually also inflamed. 

The appendix is swollen and elongated, bright red in color, with 
dilated subperitoneal vessels and a fibrinous or purulent exudate (some- 
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times very slight) on the surface. There may be yellow spots on 
the surface indicating the beginning of an abscess. The tip is usually 
swollen, and the whole process is likely to be more marked in the 
distal than the proximal part. When the appendix is opened the 
mucosa is seen to be swollen and very congested. The surface is 
granular or warty. Superficial erosions are common, but there may 
also be ulcers which penetrate to the submucous coat and sometimes 
to the peritoneum. The lumen may be narrowed owing to swelling 
of the mucosa, but if that layer is destroyed it may be dilated and 
filled with pus. 
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Gangrenous appendicitis is one variety of acute suppurative appen- 
dicitis. There is death and putrefaction of the tissues of the appendix 
due to interference with the blood supply. The gangrene is often local, 
appearing as a green or black patch at the distal end, often at the tip. 
(Plate XII.) A concretion which is sometimes quite hard is often 
found at the site of gangrene, and has no doubt played an etiological 
part by pressing on the stretched and inflamed wall. Gangrenous 
appendicitis is very different from simple acute appendicitis, because it 
is invariably fatal unless the appendix is promptly removed owing to 
rupture of the wall and flooding of the peritoneal cavity with highly 
infective material. Simple acute appendicitis, on the other hand, has 
a strong tendency to spontaneous recovery. 

Perforation may occur at any stage of acute appendicitis, but is 
commonly associated with gangrene. The ulceration of the mucosa 
already described may penetrate the muscular and serous coats causing 
perforation. A fecal concretion is often present at the site of the 
perforation, and evidently plays a part in its production. It may 
escape into the abdominal cavity. If the perforation occurs into the 
open peritoneal cavity general peritonitis will at once be caused by the 
flooding of the membrane with septic material. Often, however, the 
inflam^ part of the appendix is surrounded by a layer of omentum 
which becomes adherent to it before perforation has time to occur. 
In this case a local appendicuhir abscess will be formed, and there 
may be no infection of the general peritoneal cavity. The abscess 
may involve the anterior abdominal wall, and when it is opened a 
fecal fistula may result, through which fecal matter is discharged from 
the appendix on to the abdominal wall. 

Mild attacks of acute inflammation are very common. From the 
pathological standpoint acuteness must not be confused with severity 
In these cases the appearance of the appendix is very different. It is 
slightly sw’ollen, the surface vessels are dilated, but there is no perito- 
neal exudate. The submucous coat shows a moderate infiltration with 
inflammatory cells, and the subserous coat to a lesser degree. Many 
of these cells may be lymphocytes instead of polymorphonuclears. It 
sometimes happens that very little inflammation may be found to 
account for the rather severe symptoms. In these cases, particularly 
in young people, there may be great swelling of the lymph follicles 
in the mucosa which are not only much larger but appear to be more 
numerous than normal. It is possible that this lymphoid hyper- 
plasia may cause stretching of the serous coat with pain as a result. 
Healing is the rule, with fibrosis and thickening of the submucosa. 
There may be repeated attacks followed each time by further change 
in the wall of the appendix, so that finally the appendix may be con- 
verted into a solid cord of fibrous tissue with no lumen and no differ- 
entiation between the different coats. These cases are likely to be 
diagnosed by the clinician either as catarrhal appendicitis or chronic 
appendicitis. The progressive fibrosis of the wall of the appendix 
renders it liable to an attack of acute appendicular obstruction. 
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Healing Appenduntis , — The appendix is often removed a few 
weeks after an acute attack has passed off. It may be slightly swollen 
or of normal thickness. The p)olymorphoniiclears in the submucous 
and subserous coats are replac^ by chronic inflammatory cells, 
chiefly lymphocytes but sometimes with such large numbers of eosino- 
phils that the affected part looks red under the low power. The 
lymphocytes in the subserous coat may have a perivascular distribu- 
tion, and the general picture may strongly suggest chronic inflamma- 
tion. Very many appendices which are diagnosed by the laboni;tory 
as chronic appendicitis are really examples of healing appendicitis. 
The inflammation is transient, not chronic. 



Fig. 248.— Fibrosis of appendix; inset shows normal thickness of coats. (Boyd’s Surgical 

Pathology.) 


Fibrosis of the Appendix,— The term chronic appendicitis is applied 
by the surgeon to a thickened and fibrosed appendix which he may 
remove at operation. This is likely to be either the healing stage of 
acute appendicitis or fibrosis of the appendix resulting from recurring 
mild acute attacks. It is doubtful if there is such an entity as chronic 
appendicitis in the sense of a slowly progressive inflammation without 
acute exacerbations. Although symptoms such as dyspepsia and dis- 
comfort in the right iliac fossii may be relieved temporarily by removal 
of the appendix, a careful follow-up history will show that these 
symptoms will eventually recur. 

34 
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The fibrosed appendix is thickened and rigid. The fibrosis is most 
marked in the submucous and serous coats (Fig. 248), but if the 
mucosa has been destroyed, the lumen may be obliterated. Dilated 
lymphatics in the subserosa may contain collections of lymphocytes, 
but these are also seen occasionally in normal appendices. In old 
age the appendix may be pale, withered and shrunken, with obliteration 
of the lumen, and fusion of the coats into a fibrous mass. This may be 
regarded as a non-inflam matory atrophy. 

Masson has shown that the normal 
appendix contains a large amount 
of non-medullated nerve fibers, and 
that this amount may be greatly 
increased as the result of inflam- 
mation. In the infant plain muscle 
bundles accompanied by the nerves 
of ]Meissner’s plexus can be seen 
to pass inward from the circular 
muscle c*oat and outward from the 
muscularis mucOwSje to anastomose 
in the submucosa and form a 
^‘neuromuscular complex.’’ In the 
adult the presence of lymph follicles 
makes this arrangement less easily 
detected. Sometimes the submucosa 
shows a remarkable hypertrophy of 
the neuromuscular complex. The 
mucosa may also be thickened, and 
may contain numbers of small cir- 
cumscribed neuromas (neurinomas). 
(Fig. 249.) It remains to be seen 
whether hyperplasia of this nerve 
tissue may be responsible for symptoms in the right iliac fossa, and 
whether the term “neurogenic appendicitis” is justifiable. 

Mucocele of the appendix is a condition in which stenosis of the proximal part 
results in distention of the distal part with clear mucinous fluid to form a cyst. 
In rare cases the mucocele may be the starting point of pseudomyxoma peri- 
tonei, rupture of the cyst being followed by implantation of epithelial cells on 
the peritoneal surface, and the formation of large mucoid masses like frog's 
spawm. 

In Graves^ disease there is sometimes tremendous lymphoid hyperplasia of the 
appendix; the proliferating lymphocytes may wipe out the mucosa, infiltrate the 
muscular wall, and obliterate the lumen. 

In measles during the prodromal stage giant cells are found in the germ 
centers and neighboring lymphatic tissue of the appendix, and in the regional 
lymph nodes. The giant cells may be 100 microns in diameter, and ci)ntain 
from 50 to 100 nuclei. 

The Relation of Symptoms to Lesions. — Apart from fever and leucocytosis 
which are due to the infection, the chief symptoms are nausea, vomiting, and 
local pain and tenderness. In acute appendicitis the hyperemia and inflam- 
matory exudate cause distention of the organ with stretching of the sym- 



Fig. 249. — Neurinoma in fibrosed 
appendix. (Masson’s tricliromc stain.) 
X 50. 
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pathetic plexus which lies in the outer part of the wall. The stimuli pass to 
the semilunar ganglia and give rise to nausea, vomiting, and general abdom- 
inal pain. The inflammation soon reaches the serous coat, and the inflamma- 
tion of the parietal peritoneum is the cause of the local pain and rigidity. The 
local symptoms are more severe and more sudden in onset when acute obstruc- 
tion is a marked feature, because the distention of the appendix is much greater. 
In the most severe and fulminating cases the local symptoms may be slight 
except at the very beginning, because the rapidly developing gangrene soon 
destroys the sympathetic nerve endings. 

The problem of so-called chronic appendicitis is much more complex and 
cannot be discussed here. On purely pathological grounds it does not seem 
reasonable to suppose that the multitudinous symptoms of “chronic appendi- 
citis'' (chronic dyspepsia, vague abdominal pain and tenderness over the 
appendix are the classical ones) can be caused by fibrotic changes in the 
appendix. But it is possible that at least in some cases Masson's neuro- 
muscular hyperplasia may represent the anatomical substratum of the symp- 
toms. 


TUMORS OP THE INTESTINES 

Carcinoma. —Carcinoma is a common tumor of the intestine. The 
usual sites of cancer are the rectum, cecum, and pelvic colon. Cancer 
of the small intestine is very rare. Ov er 60 per cent of cancers of the 
bowel occur in the rectum. Precancerous lesions which may be fol- 
lowed later by carcinoma are papilloma, adenoma, and the papillary 
formation occurring in chronic ulcerative colitis. By far the greatest 
danger is familial multiple papillomata. Precancerous lesions in the 
rectiun are of special significance. 

The site of cancer of the large bowel affects its behavior and char- 
acteristics to a marked degree. Thus cancer of tlie colon is more 
common in women, cancer of the rectmn more common in men. The 
average duration of life without treatment is twdee as long in cancer of 
the rectum as in cancer of the colon. Intestinal obstruction is much 
commoner in cancer of the descending colon and rectum than in cancer 
of the cecum, due to the fluid contents of the latter. 

The tumor may (1) grow into the lumen of the bowel in the form of 
a large fungating cauliflower-like mass which soon becc^mes ulcerated, 
or (2) it may infiltrate the wall and surround the bowel as an annular 
growth which may cause an extreme degree of stenosis. (Fig. 250.) 
The bowel above the stenosis is dilated and hypertrophied^ that 
below the stenosis is collapsed. Hard fecal masses may be formed 
on the proximal side of the stricture and these may give rise to super- 
ficial erosions of the mucosa (stercoral ulcers). The fibrous stroma of 
the second form of tumor contracts, and from the outside it may look 
as if a tight string had been tied around the bow'el (purse-string type). 
In this form ulceration occurs late. Mucoid degeneration may occur 
in the massive variety, and the large bowel is one of the common sites 
of the so-called colloid carcinoma. 

The microscopic appearance is that of adenocarcinoma. The fungat- 
ing type is more likely to be w^ell differentiated than the infiltrating 
form, which may develop a dense stroma. The prognosis depends 
largely on the degree of differentiation, i, e. the grade to which the 
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tumor belongs. In cancer of the rectum Grades 1 and 2 are best 
treated by excision. Grades 3 and 4 by radiation. 

Spread.— This is comparatively slow, especially in cancer of the 
rectum, so that the prognosis is correspondingly good. In a case 
of cancer of the rectum the tiunor protruded from the anus, and was 
partially removed from time to time for seventeen years after the 
condition had been called inoperable, yet at autopsy there was no 
evidence of metastases (Wells). Growth takes place easily towards 
the lumen and also in the long axis of the bowel; infiltration of the 

muscular coat is much slower. 



Fig. 250.— Carcinoma of the large bowel. 
There is almost complete obstruction, and 
above the obstruction the bowel is greatly 
dilated. 


After penetration of the mus- 
cular coat there is again spread 
in the long axis in the subserous 
tissue; the lymphatics may be 
distended with cancer cells 
and appear as opaque white 
beaded lines which may be 
mistaken at operation for 
tubercles. Involvement of the 
mesenteric and retroperitoneal 
lymph nodes occurs late, and 
so do metastases to the liver 
by the portal vein. I have 
performed an autopsy on a 
patient who had had cancer 
of the rectum over a year for 
which she refused operation 
and who finally died of pneu- 
monia, yet neither the lymph 
nodes nor the liver were in- 
volved in the slightest degree. 
The cancer cells may penetrate 
the serous coat and give rise 


to implantation growths on the peritoneum and the surface of the 
pelvic organs. 


The Relation of S3rmptoms to Lesions.— The early symptoms are unfortu- 
nately vague, e, g., persistent constipation with occasional attacks of colicky 
pain which may finish as acute obstruction. A change in the habitual action 
of the bowels is always a danger signal. The classical text-book symptoms 
are late symptoms and usually indicate that the tumor is inoperable. The 
stools may be ribbon-like, due to malignant stricture in the infiltrating type. 
In the fungating type there is hemorrhage from the friable surface, and when 
ulceration and infection occur there are foul stools and alternating constipation 
and diarrhea. Blood in the stool is an early sign of cancer of the rectum, but 
a late sign of cancer of the sigmoid. Cancer of the cecum is often associated 
with severe anemia, sometimes pernicious in type, an association which it is 
difficult to explain. 


Papilloma.— Multiple papillomata or adenomatous polypi may occur 
in any part of the intestinal canal, but are most common in the large 


TUMORS OF THE INTESTINES 


533 


bowel, especially in the rectum. They may be very numerous, and 
the entire large bowel may be studded with polypi, a condition known 
as multiple polyposis of the intestine. The condition is often hereditary 
(familial). Papillomas and adenomas of the bowel must be regarded as 


precancerous lesions, especially 
in the rectum. (Fig. 251.) The 
incidence of carcinoma in a single 
adenomatous polyp is about 5 per 
cent. The structure of the papil- 
loma is glandular, and the malig- 
nant change is into adenocarci- 
noma, the line of change often 
being dramatically sharp. (Fig. 
252.) Usually only one papil- 
loma becomes malignant, but 
more than one may show tlie 
change. In papillomatosis there 
may be as many as one or two 
thousand, so that the chance of 
escaping carcinoma in such a 
case is infinitesimal. The inci- 
dence of carcinoma is d’rectly 
proportional to the number of 
papillomata. 




Fig. 252. — Transition from adenoma to carcinoma. X 20. (Boyd*s Surgical Pathology .) 
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Carcinoid Tumor.— This is not an uncommon tumor of the appendix. 
It may occur in the small bowel, particularly at the lower end of the 
ileum, where it is rare. It should be regarded as a malignant tumor 
usually of very low grade. In the appendix it may infiltrate all the 
coats, but very seldom spreads to the lymph nodes, and never kills 
the patient. The tumors in the intestine are more dangerous. They 
may be multiple, tend to produce obstruction, metastasize to the 
regional lymph nodes in 25 per cent of the cases, and occasionally to 
the liver. In the appendix the tumor usually gives rise to no symp- 
toms, unless it causes obstruction at the proximal end, and is usually 
discovered by accident after the appendix has been removed. The 
appendix itself is rarely normal, being thickened and fibrosed. 

The gross appearance is ver\' 


charac^teristic. I 'sually at the tip 
of the appendix a firm nodule 
can be felt, which on cross-section 
appears as a yellow ring encirc- 
ling the appendix and situated in 
the thickened submucous coat. 
(Plate XII.) Microiicopically the 
tumor consists of masses of 
spheroidal or polyhedral cells 
with granular or finely vacuolated 
cytoplasm. These cells are rich 
in lipoid, and it is to this that the 
yellow color of the tumor is duo. 
The tumor cells are usually con- 
fined to the mucous and submu- 
cous coats, but they may reach 
the serous coat. (Fig. 253.) 

It appears from the work of 
Pierre Masson that these tumors 
arc chroma ffinov? as or tumors of 
the endocrine system, arising 
from the Kultschitsky cells of the 
intestinal mucosa which are found 
between the columnar cells of the 
crypts of lacberkuhn and belong to the chromaffin system. Both 
the Kultschitsky cells and the tumor cells are stained intensely by 
silver impregnation, so that the tumor is also called an argentaffinoma. 
These chromaffin or argentaffin tumors are occasionally found in the 
small intestine. 



Fio. 253. — Carcinoid of appendix. There 
are masses of tumor cells in the mucosa 
and submucosa. X 150. 


There may be a relationship between carcinoid tumors and the argentaffin- 
cell neuromas which Afasson had previously described as occurring in obliter- 
ated appendices. These neuromas arise from the nori-medullated nerve 
fibers in the deeper part of the mucosa. According to Masson the argentaffin 
cells actually migrate into the nerve fibers, which then grow and form a 
neuroma. If the isolated argentaffin cells in the neuroma proliferate, a car- 
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cinoid tumor is produced. This part of the work, which depends on the use of 
Masson's trichrome method of staining, still awaits confirmation. 

Carcinoma of the appendix is very much rarer than carcinoid tumors. It is 
a columnar-cell carcinoma, frequently adenocarcinoinatous in type, and often 
shows mucoid degeneration. 

All other primary tumors of the bowel are rare. Sarcoma is more usual 
in the small than the large intestine. Fibroma, myoma and lipoma often take 
a polypoid form and may act as the starting point of an intussusception. 
Angiomas, sometimes multiple, have been described. Lymphosarcoma is not 
uncommon in the bowel, but as it is merely part of a general lymphoid tissue 
neoplasia it will not be considered here. 

INTESTINAL DIVERTICULA 

Diverticula of the intestine usually occur in the duodenum and the 
lower part of the colon, but they may be met with in any part of the 
intestinal canal. Duodenal diverticula have already been described. 
The usual age period is in middle and late life. They are rare before 
the age of thirty years. In the small intestine they lie in the concavity 
of the bowel along the line of the mesenteric attachment, as the 
entering vessels serve to weaken the muscnilar wall. In the colon they 
are situated on the convexity, usually in two rows between the tenia 
coli. The commonest site is the sigmoid, but they usually stop abruptly 
at the commencement of the rectum, because here the tenia coli 
separate out into a broad muscular sheet. Occasionally diverticula 
occur in the rectum. 



Fig. 254. — Intestinal divertieulosis, showing the openings of the diverticula on the 

mucosal surface. 


The diverticulum is a protrusion or herniation of the mucosa and 
submucosa through the muscular coat at some point of weakness. 
Diverticula may be present in great numbers, a condition of diverticu-’ 
losis. The usual size is that of a large pea. The opening into the 
lumen of the bowel may be very small or wide and gaping. (Fig. 254.) 
In the small intestine the contents are fluid, but in the colon they are 
fecal and sometimes in the form of concretions. 

The cause of the condition is uncertain. There is probably a com- 
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bination of weakness of the wall and increased pressure from within. 
The weakness seems to be due to the loss of tone and elasticity of 
muscle which is characteristic of the degenerative period of life. 

Diverticulitis.— The condition of diverticulosis is unattended by 
symptoms, and is often discovered accidentally by the radiologist. 
But if inflammation occurs in the diverticula, symptoms will be pro- 
duced. This is very rare in the small intestine where the contents are 
fluid and readily pass out of the diverticula, but is fairly common in 
the colon. Fraser remarks that “in the Century and Oxford diction- 
aries a diverticulum is described as a Vay-side shelter or lodging,’ 
with, from the context, the underlying meaning that they are houses 
of ill repute where trouble is apt to brew. In the large intestine they 
live up to their bad reputation, and as a temporary lodging for bowel 
contents can give rise to endless trouble.” Acute inflammation often 
associated with the presence of a hard concretion in the diverticulum 
is similar to appendicitis, except that the symptoms are usually on 
the left side. Perforation may occur, with local abscess formation or 
general peritonitis. 



Fiq. 255. — Multiple diverticula of bowel with peridiverticular fibrosis. 


Chronic inflammation is much commoner, and is accompanied by a 
peridiverticulitis. Toxins apparently leak through the mucosa and set 
up a chronic extramucosal inflammation, as a result of which a large 
amount of chronic inflammatory tissue is formed on the outside of the 
bowel. (Fig. 255.) This consists of granulation tissue which becomes 
converted into dense fibrous tissue. A large mass is formed which may 
constrict the bowel and cause stenosis, so that it is readily mistaken 
for carcinoma even when the abdomen is opened. The diverticula 
may be completely covered up by the inflammatory mass. When the 
excised bowel is opened it may be impossible to detect the inner open- 
ings of the diverticula, as they may be hidden by the swollen mucosa. 
If thin slices are cut tangential to the outer surface of the mass the 
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blind ends of the diverticula are exposed, and a probe can readily be 
passed through into the lumen of the bowel. On examining the gross 
specimen it may be difficult to decide if the condition is diverticulitis 
or carcinoma. A point of value is that in the former the mucosa is 
practically never ulcerated, while in cancer ulceration is almost always 
present. 

Meckel’s Diverticulum. —In about 3 per cent of cases the vitelline duct 
passing from the intestine to the umbilicus fails to become obliterated. As a 
rule only the proximal part remains open and forms a pouch-like projefetion 
from the lower part of the ileum, usually within 2 feet of the ileocecal junction. 
This is known as Meckel’s diverticulum. It may be a mere dimple, or may 
constitute a fistula which opens on the umbilicus. The proximal part may 
remain open and be continued to the umbilicus as a fibrous cord. A loop of 
bowel may be forced around this cord and becomes strangulated. Sometimes 
the diverticulum becomes acutely inflamed, with symptoms identical with those 
of appendicitis. In a certain proportion of cases (12 to 44 per cent according 
to different authors) islands of gastric mucosa are found in the diverticulum. 
These produce gastric juice, as a result of which peptic ulcer may occur. 
This may cause severe hemorrhage from the bowel (especially in male children) 
or perforation. Occasionally the diverticulum may contain pancreatic tissue. 

Enterogenous Cysts.— These are derived from diverticula of the intestine 
in which the communication with the bowel has been pinched off. Intestinal 
structures, both epithelial and muscular, can often be demonstrated in the 
wall of the cyst. 

HERNIA 

A hernia is a protrusion of a viscus outside the cavity in which it is contained. 
The usual hernia is abdominal (although we speak of cerebral and other her- 
nias), a loop of bowel, sometimes a piece of omentum, being protruded into a 
pouch of peritoneum which projects outward. This is an exterrml hernia, and 
the common types are inguinal, femoral and umbilical, depending on the site 
of the jicritoneal pouch. An ingvinal hernia passes down the inguinal canal 
into the scrotum. A femoral hernia passes along the feinoral vessels under 
Poupart’s ligament and forms a soft swelling in the groin; it usually occurs in 
the female. An vmbilical hernia appears at the umbilicus. A hernia may 
occur at the site of an abdominal wound owing to the scar giving way. This 
is a form of ventral hernia. The rare forms need not be mentioned. The causes 
are probably twofold: (1) local weakness, usually congenital; (2) increased 
pressure due to sudden muscular effort, straining at stool, etc. 

In an internal hernia the protrusion occurs into one of the intra-abdominal 
pouches of the peritoneum, of which the principal are the paraduodenal pouch 
on the left side of the second part of the duodenum, the pouch behind the 
superior mesenteric artery, and the fossae in the neighborhood of the ileocecal 
junction. In rare cases there may be a hernia into the foramen of Winslow 
and other unusual sites. 

Strangvlation of the hernia is due to an increase of pressure in the hernial 
sac. A fresh piece of bowel mR>^ be forced through the opening, or there may 
merely be an accumulation of gas and feces. The loop of bowel is forced 
against the sharp edge of the opening so that the venous return is interfered 
with. This causes further swelling of the loop, more interference with the 
circulation and finally complete stasis. Necrosis and gangrene rapidly develop, 
the wall is invaded by bacteria, and general peritonitis is the result. The 
clinical and pathological picture is now one of acute intestinal obstruction. 

INTUSSUSCEPTION 

This is the invagination of one segment of the intestine inside another. 
The common site is the ileocecal junction. There is usually an exciting cause 
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in the shape of a focus of local irritation, an adherent tuberculous or malignant 
gland, or the presence of a polypoid tumor (adenoma, oma, myoma). As a lip 
result of the irritation irregular peristaltic contractions are set up, and these 
force the upper segment of bowel into the one below which forms a sheath. 
The invaginated part is forced along the bowel by peristaltic contractions and 
may traverse the whole length of the colon, forming a curved thick sausage- 
shaped mass. The contraction of the sheath prevents the escape of blood 
from the enclosed part, so that there is great swelling and congestion; there 
is hemorrhage into the bowel, and discharge of blood from the rectum is the 
most characteristic symptom. At first the intussusception can readily be 
undone by traction, but the two layers become inflamed and adhere together 
at the point of entry. The increasing contraction and pressure are apt to 
cause necrosis and gangrene of the bowel with symptoms of acute strangula- 
tion. The condition usually occurs in boys under the age of one year. It is 
uncommon in the adult. 

Multiple agonal intussusceptions are often seen in the small intestine of 
children at autopsy. They are probably caused by irregular spasmodic con- 
tractions at the time of death. There is no inflammation nor adhesions, so 
that the intussusception is readily undone by traction. 

VOLVULUS 

Volvulus is torsion of an organ. It is commonest in an ovarian cyst with 
pedicle and in the pelvic colon, but may occur eLsewhere in the intestine, in 
the gall-bladder, spleen, testicle, and uterus with fibroids. The cause is obscure. 
There is probably some prcdisp)osing cause (congenital defect of attachment, 
etc.), and the actual twisting may be due to irregular spasmodic contraction. 
The vessels, first the veins and then the arteries, are occluded by the twisting 
of the mesentery, so that first there is intense congestion of the organ and 
then gangrene. (Plate XIII .) In the case of the bowel there is acute intestinal 
obstruction. 

Adhesions. — Peritoneal adhesions are a common result of abdominal inflam- 
mation and may cause intestinal obstruction. The adhesion stretches as a 
fibrous band from the wall of the bow^el to some fixed point, and as it contracts 
it causes kinking and obstruction. 


INTESTINAL OBSTRUCTION 

Obstruction of the intestine or ileus may be caused in two very 
different ways. It may be organic or paralytic. Organic obstruction 
may be caused by carcinoma, adhesions and cicatrices, strangulated 
hernia, or volvulus. Paralytic obstruction, usually called paralytic 
ileus because the common site is the ileum, is due to inflammation of 
a segment of the bowel as a result of which peristaltic movements 
cannot pass from the segment above to the segment below, the bowels 
are unable to move, and the practical result is obstruction. A common 
cause is the pelvic peritonitis of acute appendicitis, in which a loop of 
ileum hangs down into a pool of pus in the pelvis and becomes com- 
pletely paralyzed. Intestinal obstruction may be acute or chronic. 
In the acute form the blood supply to the bowel is cut off so that gan- 
grene quickly develops; in the chronic form it is not interfered with. 
This difference is fundamental. The two varieties are so different 
that they must be considered separately. 

Acute Obstruction.— Sudden obstruction may be caused by strangu- 
lation of a loop of bowel by a fibrous band or adhesion (strangulated 
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Acute Intestinal Obstruction Due to Volvulus 

Boil\ cijjimumI ;it aul()])sy sliowiiis distoiidi'd c-oils of srnall irit(‘utiiie. 
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hernia), twisting (volvulus), intussusception or infarction (mesenteric 
thrombosis or embolism). The last-named belongs to the paralytic 
group. Chronic obstruction due to carcinoma may suddenly become 
acute. The bowel below the obstruction empties and remains pale 
and contracted. The part above the obstruction is greatly dilated 
with fluid and gas and intensely congested so that it becomes deep 
purple in color as the veins are obstructed before the arteries. The 
mucous membrane undergoes necrosis, numerous small ulcers are 
formed, and bacteria pass through the wall of the bowel and cause 
general peritonitis. As the blood supply is cut off and bacterial 
invasion is severe, gangrene quickly develops. 

The cause of the fatal toxic symptoms, most marked in high ob- 
struction, has long been a subject of controversy. Absorption of highly 
toxic split-protein products from the obstructed loop may play some 
part (Whipple). Loss of chlorides due to the continuous vomiting have 
been considered of such importance that sodium chloride has been 
administered as a form of treatment (Haden and Orr), but without any 
significant impression on the high mortality. It appears probable that 
the most important factor is distention of the bowel, and that shock 
plays a leading part in severe and fatal cases. Acute experimental 
distention of the bowel without obstruction will produce the same 
symptoms as those of obstruction but without vomiting or change in 
the blood chlorides (Taylor). The distention is due partly to gas, 
partly to fluid. The gaseous distention is caused by air which has 
been swallowed and cannot be passed. Distention of the bo\vel wall 
is a powerful stimulant to secretion, so that great quantities of fluid 
are j)ourcd out. Normally from 5 to 7 liters of fluid a day enter the 
upper part of the small intestine to be absorbed from the lower part. 
In high obstruction all of this fluid is completely lost to the body, and 
this loss is responsible for the picture of shock, the basis of which is a 
marked difl’erence between the volume of blood and the volume 
capacity of the vascular system. Moon points out that the post- 
mortem picture of acute obstruction is similar in many respects to that 
of shock. There is marked distention and engorgement of the capil- 
laries in the viscera, edema and ecchyinoses in the lungs and gastro- 
intestinal mucosa, and effusions into serous cavities. r)ecompression 
of the distended bowel by means of the Miller-Abbott tube is the most 
valuable single method of treatment and has entirely changed the 
prognosis. In addition to the low blood chlorides there is a great rise 
in the blood urea due probably to increased tissue destruction. Large 
quantities of indican are excreted in the urine. 

One of the most serious features of acute intestinal obstruction is 
loss of protein from the body. In simple obstruction without strangula- 
tion the loss is confined to plasma, so that hemoconcentration is a 
marked feature. When strangulation is present there is an added 
loss of red blood cells owing to damage to the vessels, so that the 
physiological disturbance is similar to that produced by massive 
hemorrhage. 
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In acute obstruction a highly toxic fluid collects in the peritoneal 
cavity; when this fluid is injected into an animal it produces a clinical 
picture similar to that of acute obstruction. This serves to explain 
why a patient with a strangulated hernia does not present the same 
constitutional disturbances as does a patient with an intraperitoneal 
obstruction, for there is no marked absorption from the sac. Nor does 
absorption occur from a markedly distended isolated loop of bowel, as 
can be shown by the experimental introduction of a lethal dose of 
strychnine into such a loop without ill effect to the animal. When, 
however, the loop is suddenly decompressed the animal quickly dies of 
strychnine poisoning. 

As the distention increases, the pressure within the lumen closes the 
veins, the arterial blood continues to be pumped into the bowel wall, 
and hemorrhage occurs from the capillaries and venules. The progress- 
ive anoxia results in necrosis, gangrene, and finally rupture. These 
changes are greatly aggravated by the presence of feces, which may 
act as a secretory stimulant. In experimental obstruction if the ob- 
structed loop is first washed out it does not become gangrenous. 
Even before gangrene has occurred the permeability of the distended 
bowel to bacteria is greatly increased, so that peritonitis is an inevitable 
result. Death is not due to the peritonitis but to the obstruction. 

In connection with the toxemia of acute intestinal obstruction mention 
may be made of the experimental autolytic peritonitis produced by autolysis 
of liver tissue in the peritoneal cavity. It is a remarkable fact that when a 
dog’s liver is removed, the animal survives longer if the whole liver is excised 
than if part of it is left (Mann). When one lobe of the liver is ligated, the 
animal dies in less than twenty-four hours, and the ligated lobe is spongy, full 
of gas, and contains great numbers of Gram-positive anaerobic bacilli. If a 
piece of liver is excised and dropped into the abdominal cavity of the same 
or another animal, the same thing happens, the animal dying of respiratory 
paralysis in less than twenty-four hours. The peritoneal cavity contains from 
100 to 300 cc. of fluid exudate (peritonitis), and both the transplanted liver and 
the animal's owm liver are swarming with anaerobes and filled with gas. The 
condition is called autolytic peritonitis because autolysis of the transplanted 
liver or the ligated lobe appears to cause the formation of toxic substances 
which increase the permeability of the bowel to Bacillus welchii. It is these 
organisms which invade the liver and arc responsible for the gas formation. 
The same result is obtained when the piece of liver is autoclaved before being 
transplanted, so it is evident that the bacilli are not contained in the transplant. 
This work illustrates the importance of the autolytic decomposition of tissue 
in the peritoneal cavity. 

Chronic Obstruction. — ^The obstruction is slow and there is no inter- 
ference with the blood supply. The usual causes are carcinoma of 
the bowel, especially the infiltrating variety, cicatricial contraction or 
adhesions, and pressure from without. Above the stricture the bowel 
is dilated and hypertrophied, while below it is collapsed. Hyper- 
trophy is characteristic of slight obstruction, dilatation of severe or 
nearly complete obstruction, for in the latter condition the muscular 
coat becomes paralyzed and undergoes passive dilatation. Hard fecal 
masses are formed above the obstruction, and these in turn give rise 
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to small stercoral ulcers in the mucous membrane. The irritation 
may cause periodic attacks of catarrhal inflammation, so that an 
alternation of constipation and diarrhea is highly suggestive of chronic 
obstruction, usually carcinomatous. Chronic malignant obstruction 
may at any time become acute owing to inflammatory changes at the 
site of the stricture with swelling of the mucous membrane. 

Meconium Ileus. — A remarkable form of ileus certain to puzzle the un- 
initiated occurs in the new-born. There is no narrowing of the bowel, but the 
lumen is blocked with thick meconium, and the wall may give way as the result 
of a “blow-out” following on the first feeding. In one case reported from my 
laboratory by Sara Meltzer the peritoneal cavity was filled with material so 
thick and tenacious as to suggest mucilage. In a number of cases there has 
been congenital stenosis of the opening of the pancreatic duct, with dilatation 
of the duct system and atrophy and fibrosis of the parenchyma (Kornblith 
and Otani). Farber (personal communication) observed this pancreatic lesion 
in twins, both of whom died of meconium ileus. In some cases the basis of the 
condition is an internal obstruction of the pancreatic duct system by inspissated 
secretion, the lesion which in later infancy is responsible for the picture known 
as cystic disease of the pancreas (Farber). 


HIRSCHSPRUNG’S DISEASE 

This is a congenital idiopathic dilatation of the colon. The pelvic colon and 
sometimes the entire large intestine are enormously dilated and hypertrophied. 
The lower part of the rectum is rarely involved. The hypertrophy is due to 
great thickening of the circular muscular coat, but is probably not a primary 
condition. Chronic inflammatory changes in the mucosa and submucosa 
together with stercoral ulcers are due to the great accumulation of fecal matter 
in the sigmoid. The bowel is evacuated at long intervals of days or weeks, when 
a huge quantity is passed. The abdomen is greatly distended. There are 
countless theories to account for this obscure condition, but it may be regarded 
as a form of achalasia or inability of the circular fibers at the junction of the 
sigmoid and rectum to relax. A similar condition is seen at the junction of 
esophagus and stomach (cardiospasm) and the junction of pharynx and 
esophagus. The achalasia probably has a neurogenic basis, being due to 
hyperactivity of the sympathetic innervation to the circular muscle in the 
upper part of the rectum, and future treatment, surgical and otherwise, 
promises to be along this line. The dilatation and hypertrophy are results 
of the continued closure of the sphincter. 

C(£LIAC DISEASE 

This is a disease of young children characterized by an inability to absorb 
fats from the intestine. It is also known as idiopathic steatorrhoea (outpouring 
of fat). Gee's disease, non-tropical sprue, and intestinal infantilism (marked im- 
pairment of development). It may be regarded as the infantile analogue of 
tropical sprue, a deficiency disease characterized by great wasting of fat, fatty 
stools, disturbance of calcium metabolism, and severe anemia. Cceliac disease 
appears to be due to a disturbance of gastro-intestinal function resulting in 
deficient absorption of one or more vitamins. The name, meaning relating to 
the abdominal cavity {koilia, belly), indicates the vagueness of our knowledge of 
the condition before recent biochemical investigation. The stools which are 
very bulky are loaded with fat, and are white, soft, frothy and foul-smelling 
due to excessive fermentation. There is a high fecal output of calcium and 
in consequence osteoporosis and rickets are common, together with low blood 
calcium and tetany. Anemia is a marked feature; it is usually of the hypo- 
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chromic type, but occasionally becomes hyperchromic and macrocytic late in 
the disease. 

Intestinal Lipodystrophy. — This very rare condition was first described in 
1907 by Whipple, and is therefore known as Whipple’s dif(ease. The essential 
lesion is a deposit of lipids, for the most part neutral fat, in the mucosa of the 
small intestine and the mesenteric lymph nodes. Grossly the mucosa is 
flecked with minute yellowish deposits, whilst microscoi)ically the fat is con- 
tained in dilated lymph spaces of the enlarRed villi and submucosa, in mononu- 
clear phagocytes, and in occasional multiniicleatcd giant cells. The chief 
clinical features are asthenia, anemia, arthritis, steatorrhea and abdominal dis- 
tention in a middle-aged or elderly person. The disease usually proves fatal. 

MESENTERIC THROMBOSIS AND EMBOLISM 

Thrombosis of the mesenteric vessels is much commoner than embolism. 
It may be arterial or venous. The arterial type is much more rapidly fatal 
and accompanied by gangrene of the bowel. Venous thrombosis is more fre- 
quent as might be expected, the veins being likely to contain intestinal toxins 
and bacteria. In the venous type the onset and course are slow, the result is 
often hemorrhagic infarction without gangrene, blood is always ]>resent in the 
stool, and spontaneous recovery is possible. 

The result both of arterial thrombosis and embolism is infarction of the bowel. 
The superior mesenteric is usually involved. When the inferior mesenteric 
vessels are occluded the result is less serious, because they establish communi- 
cation with the superior mesenteric vessels above and the hemorrhoidal vessels 
below. The infarct is of the red or hemorrhagic variety, and usually occurs 
in the ileum or lower part of jejunum. The inf arc ted segment is sharply 
limited as a rule, thick, and darker red in color. (Gangrene may occur, par- 
ticularly in arterial obstruction. The wall of the bowel is stuffed with red 
cells, dark blood fills the lumen, and there may be blood in the .peritoneal 
cavity. The hemorrhage may be confined to the mucosa. Sometimes no 
occlusion of the vessels can bo found. 

The si/mploms are extremely acute in embolism or arterial thrombosis, 
much less so in venous thrombosis. In the acute cases the first symptom is 
sudden severe abdominal pain, due to spasm of the bowel from sudden iscliemia. 
Blood in the stools is highly significant. At first there may be diarrhea, but 
soon there is evidence of complete obstruction due to paralytic ileus. If gan- 
grene of the bowel occurs it leads to general peritonitis, which rapidly proves 
fatal. 

HEMORRHOIDS 

Hemorrhoids or piles is a condition in which the poorly supported hemor- 
rhoidal veins become varicose and hypertro2)hied. Internal piles involve the 
superior hemorrhoidal veins and are covered f)y the mucous membrane of 
the rectum; external piles involve the inferior hemorrhoidal veins and an* 
covered by skin. The causes are central and local. Central causes are cirrhosis 
of the liver (portal obstruction) and cardiac weakness. Z/orffZ causes are con- 
stipation (causing straining at stool with dilatation of the veins), carcinoma 
of the rectum, and outside pressure from enlarged uterus, enlarged prostate, 
etc. Every case of piles should first be examined for cancer of the rectum, because 
cancer of the rectum can often be completely removed in the early stage. 
Some of the cases give a hereditary history. 

The pile consists of a cluster of greatly dilated venules and may resemble 
a cavernous angioma. It is covered by mucous membrane or skin. Infection 
is frequent with accompanying phlebitis and thrombosis, known as an “attack 
of the piles.” The thrombus may become fibrosed, a condition of spontaneous 
recovery. In rare cases the infected thrombus may become broken up and 
form septic emboli which are carried to the liver and there form abscesses. 
The tissue around the pile becomes fibrosed, and is often infiltrated with 
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chronic inflammatory cells. Apart from the attacks of thrombophlebitis the 
principal symptom is repeated hemorrhage during defecation, which may lead 
to a marked secondary anemia. 

MELANOSIS COLI 

This condition is described in Chapter TI. Granules of melanin pigment 
are found in the large mononuclear cells in the mucosa, but not in the epi- 
thelium. The condition is often associated with chronic intestinal stasis, 
especially carcinoma of the bowel. The pigmentation is usually limited by 
the ileocecal valve, but the appendix may be pigmented while the colon 
remains free. Marked pigmentation where the black color can be seen shining 
through the wall of the bowel is rare, but slight grades are common. The 
melanin is probably formed by the disintegration of proteins in intestinal stasis. 

CONGENITAL ANOMALIES OF THE INTESTINES 

The commonest anomaly is MeckeFs diverticulum, which has already been 
described. Other diverticula (duodenal, intestinal) may possibly have a con- 
genital basis, but this is doubtful as they are met with late in life. There may 
be stenosis or actual atresia of the bowel. The common site of atresia is the 
lower end of the rectum, where the condition is known as imperforate anus. 
The anus is represented by a dimple of the skin, which is separated from the 
lower end of the re(;tum sometimes by a thin membrane, sometimes by a 
considerable interval filled with fibrous tissue. There may be congenital 
obliteration of the second part of the duodenum, and much more rarely at 
the lower end of the ileum. 
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THE LIVER AND GALL-BLADDER 

THE LIVER 

Descriptive Outline. — The description of the liver includes its size, shape, 
weight, color, and consistence. The size is very constant in health, but as 
the result of disease it may be much increased (tumor, amyloid) or diminished 
(cirrhosis). The shape may be distorted by disease (syphilitic scars, etc.) 
or by Rieders lobe, a tongue-like process occasionally extending downward 
from the lower margin of the liver external to the gall-bladder. Grooves are 
not infrequently seen running across the upper surface of the right lobe in an 
antero-posterior direction; they are probably caused by folds in the diaphragm 
which occupy them. A pressure groove (tight-lacing in women, rigid leatlier 
belt in working men) may pass trans- 
versely across the right lobe. The weight 
is 1400 to 1600 grams in the male, 1200 
to 1400 grams in the female. The color 
is a dark reddish-brown or chocolate, 
but the under surface is often of an 
indigo color due to the postmortem ac- 
tion of H 2 S liberated from the large 
bowel on the iron pigment in the liver, 
with the production of sulphide of iron; 
there may be greenish staining by bile 
from the gall-bladder. The common 
pale and sometimes red patches under 
the capsule (pseudo-infarcts) must not 
be mistaken for true infarcts, which are 
extremely rare. The consistence is that 
of a soft solid, but the liver is friable and 
easily lacerated. When placed on a flat 
surface the dome-like curve of the upper 
surface becomes greatly flattened; any 
softening of the liver (fatty degener- 
ation) will increase the flattening, any 
increase in consistence (amyloid) will 
prevent it. 

There is one point in the microscopic 
appearance worthy of note. The ordi- 
nary microscopic picture of liver cells 
is that of cells starved or depleted of 
glycogen, because the sick person has 
eaten nothing for a number of hours before death. In sudden accidental 
death the ceUs have a foamy vacuolated appearance, in reality the normal 
picture of a healthy liver but apt to be mistaken by the unwary for an indi- 
cation of disease; this is due to the presence of glycogen which is dissolved out 
by a watery fixative such as formalin. (Fig. 256.) The liver cell nuclei do not 
normally contain glycogen, but glycogen infiltration of the nuclei is quite com- 
mon (Chipps and Duff). Empty-appearing or vacuolated nuclei with a per- 
ipheral arrangement of chromatin indicate a high glycogen content. Severe 
degrees of infiltration are infrequent, being commonest in diabetes mellitus, and 
occasionally present in a variety of other conditions. 

35 



Fig. 256. — Glycogen in liver cells (pale 
and vacuolated). X 500. 
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NECROSIS OF THE LITER 

In the liver the ordinary pathological conditions such as inflamma- 
tion, tuberculosis and syphilis are of little importance. Necrosis 
of liver cells, on the other hand, is of the greatest significance. The 
necrosis may be divided into: (1) diffuse necrosis^ in which all the 
cells in groups of lobules are affected, as in aeute yellow atrophy; 
(2) zonal necrosis in which only the cells of a certain area in each lobule 
are affected; and (3) focal necrosis in which small areas of no uniform 
distribution are affected, as in severe bacterial infections such as 
streptococcal and typhoid. Zonal necrosis may be (a) central, this 
being the commonest type; (6) mid-zone, well seen in yellow fever; 
and (c) peripheral, as in eclampsia. From the clinical standpoint by 
far the most important variety is diffuse necrosis. 

The characteristic reaction of liver cells to an injurious agent is 
necrosis. This may be called with equal truth either hepatic necrosis 
or hepatitis. The liver cells in comparison with other cells in the 
body are always living on the dangerous edge of things, for they exist 
in a condition of partial anoxia owing to the fact that their main source 
of blood is venous in origin. When the injury is slight and transient 
the dead cells are quickly removed and replaced by new liver cells, 
because no organ has greater power of reproduction. But when the 
injury is severe or prolonged there is likely to be a proliferation of 
fibroblasts resulting in fibrosis, which in the liver is known as cirrhosis. 
These two processes are as closely interwoven as inflammation and 
repair. The term hepatitis is often used for convenience to describe 
all stages of the process from necrosis to healing by fibrosis. 

The causes of hepatic necrosis are many and varied. Our knowledge 
regarding them is based partly on experimental work on animals, 
partly on clinical observations on man. It is hardly necessary to 
remark that we know much more about the former than the latter. 
Necrosis of liver cells may be produced by means of poisons and by 
dietary deficiency. It is obvious that all poisons absorbed from the 
intestinal canal must pass through the liver. One of the functions of 
the liver is to detoxify these poisons, but the hepatic cells may be 
seriously damaged in the process. Similarly all the elements of the 
diet are first dealt with by the liver. It is now realized that a deficiency 
or imbalance of various of these elements may completely upset the 
delicate mechanism of the complex chemical factory which each liver 
cell represents. There is therefore a toxic hepatitis and a deficiency 
hepatitis, and these are frequently combined. 

Toxic; hejMtitis (necrosis) may be produced by drugs (arsphenamine, 
chloroform, cincophen present as an analgesic in many proprietary 
cures for rheumatism), poisons used for suicidal or homicidal purposes 
(phosphorus, mercury), and substances used in technical and manu- 
facturing processes (carbon tetrachloride, tetrachlorethane, and tri- 
nitrotoluene). The action of these various substances can be observed 
both in the animal and in man. Bacteria and their toxins can also 
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produce necrosis, but this is seldom or never massive. An important 
example of necrosis, to be considered presently is seen in the condition 
known as infective epidemic hepatitis, now known to be due to a 
filterable virus. It is also believed that certain unknown toxins of 
metabolic origin may produce extensive necrosis in man in such con- 
ditions as acute yellow atrophy, but this is pure speculation, and may 
be entirely erroneous. 

Experimental toxic hepatitis has been studied by a number of 
workers (Cameron and Karunaratne, Hiinsworth and Glynn). Miich 
depends on the size of dose and the length of time that the poison acts. 
When rats arc given a single dose of a chemical poison such as carbon 
tetrachloride, chloroform or phosphorus, or a bacterial toxin, illness 
develops in a few hours, reaches its height in twenty-four to forty- 
eight hours, followed by complete recovery in one to two weeks if the 
animal survives. Within twenty-four hours zonal necrosis develops 
affecting every lobule, central in type with some poisons (chloroform 
and carbon tetrachloride), peripheral with others (phosphorus). The 
dead cells are removed in a few days, and at the end of a fortnight the 
liver appears normal. When, however, large doses are given at short 
intervals portal cirrhosis develops similar to the type seen in man. 

Deficiency hepatitisy using the term to indicate hepatic degeneration, 
may be of various kinds and due to a variety of deficiencies. These 
changes fall into the groups of fatty infiltration, necrosis and fibrosis, 
one or more of whicli may be present in any given instance. 

I^ack of lipotropic factors in the diet leads to the accumulation of 
fat in the liver (see page 22). The formation of phospholipids is neces- 
sary for the normal transport of fat, and thus the prevention of fatty 
infiltration of the liver. Choline plays an essential part in the forma- 
tion of phospholipids, and is therefore one of the principal lipotropes. 
So is the sulphur-containing amino-acid methionine, which pro\'ides 
methyl groups for the synthesis of choline. The accumulation of fat 
in the liver cells may be so great as to lead to necrosis. Absence of 
methionine and of cystine, another sulphur-containing amino-acid, 
results in hepatic necrosis in the experimental animal. The necrosis 
which follows the prolonged administration of a low protein diet is due 
to the absence of the essential sulphur-containing amino-acids. These 
dietary substances protect the liver against the action of toxic agents 
such as chloroform, carbon tetrachloride, trinitrotoluene, and arsphena- 
mine. The B vitamins also appear to be of value. In chronic alcohol- 
ism the diet is nearly always grossly deficient in the various protective 
food substances mentioned above. This is also true of races, such as the 
African Bantu, in whom liver cirrhosis (and carcinoma) is particularly 
prevalent. In this connection it may be noted that rats kept for a 
long period on a choline-deficient diet develop carcinoma of the liver 
in a considerable number of cases (Copeland and Salmon). It is 
evident that dietary deficiency and toxic factors may work together. 
Thus infectious hepatitis is more fatal in pregnant women, in whom the 
lipotropic factors are sidetracked to the fetus. This combination may 
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possibly play a part in the production of eclampsia. These considera- 
tions have led to the adoption of a high protein-low fat diet reinforced 
with B vitamins and sulphur-containing amino-acids in the treatment 
of infectious hepatitis and the hepatitis caused by arsenicals and other 
toxic agents. 

In deficiency hepatitis there is a massive necrosis affecting all the 
cells of one or many lobules. There is always a latent period of several 
weeks, at the end of which illness suddenly develops and the animal 
may be dead in a few days. The pathological picture is similar to acute 
yellow atrophy in man. If the animal survives a condition of nodular 
hyperplasia develops, areas of necrosis alternating with areas of regen- 
erated liver cells. The necrotic cells are removed and replaced by 
dilated sinusoids; these in turn give place to broad fibrous scars sur- 
rounding regenerated nodules of liver cells, a condition of cirrhosis. 
In some cases cirrhosis may occur independently of necrosis, due 
apparently to direct stimulation of the fibroblasts. The two chief 
differences between toxic and deficiency hepatitis are the time element 
(hours in the former compared with weeks in the latter), and the fact 
that in toxic hepatitis there is complete recovery after a single attack, 
whereas in deficiency necrosis scarring follows even the mildest attacks. 
WTien, however, small doses of poison are given repeatedly, cirrhosis 
results. 

It will be observed that deficiency hepatitis in the experimental 
animal is characterized by acute massive necrosis closely resembling 
acute yellow atrophy in man and progressing to a condition of scarring 
similar to that of nodular hyperplasia, whereas in toxic hepatitis there 
is acute zonal necrosis followed by portal cirrhosis. 

To apply these clear-cut experimental results to the problems of 
hepatic necrosis and cirrhosis in man is difficult if not impossible, but 
they form a valuable background for thinking about the human 
disease. It seems quite probable that the two factors, toxic and defi- 
ciency, may be combined, the toxin either uniting with the amino- 
acids or increasing the demand for protein beyond the margin of safety. 
Thus in poisoning by trinitrotoluene and cincophen there is a latent 
interval of several weeks, and the patient finally develops nodular 
hyperplasia, features corresponding to experimental dietary necrosis 
rather than toxic necrosis. 

Acute Necrosis {Acute By far the commonest form of 

this condition is that known as acute infectious hepatitis. This may 
occur in sporadic or epidemic form, the latter being known as epidemic 
hepatitis. The sporadic cases have in the past been called catarrhal 
jaundice. The epidemic form was extremely common among the troops 
in World War II. The cause is a filterable virus, which is excreted in 
the stools. A similar form of hepatitis associated with jaundice may 
follow the administration of pooled supposedly normal human serum, 
of mumps convalescent serum, of yellow fever vaccine, and of arsphena- 
mine (syringe contaminated by icterogenic agent from blood of other 
patients). It is believed that in all these cases a virus is the causal 
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agent. As the incubation period is around one hundred days compared 
with an average of thirty days in infective hepatitis it must not be 
assumed that an identical virus is responsible in the two groups of 
cases. The mortality of epidemic hepatitis is low (0.2 to 0.4 per cent), 
but the morbidity is high. The incubation period is remarkably long, 
usually a month, often longer. Jaundice is a characteristic feature and 
hemorrhages are frequent. The spleen is enlarged in most of the cases. 
Ascites was present in most of Lucke’s fatal cases, due probably to 
low plasma proteins caused by the damage to the liver. In the brain 
there was acute degeneration of the ganglion cells (a characteristic 
virus lesion) and a mild meningo-encephalitis in 15 per cent of cases. 

The lesions in 125 fatal cases have been analyzed in a notable paper 
by Lucke. Valuable information on the condition of the liver in those 
cases which proceed to recovery is afforded by studies on aspiration 
biopsies by Roholm and Iversen and by Dible. The liver is enlarged 
in the early cases, but later, especially in the fatal cases, it may shrink 
rapidly. By the end of the second week there is marked dissociation 
of the liver cells, so that the trabecular arrangement is disorganized 
although the lobular structure may be preserved. The parenchymal 
cells are of unequal size, their borders indistinct, and their cytoplasm 
granular or vacuolated. The glycogen content is not diminished. The 
nuclei show various forms of degeneration. Amitotic division is fre- 
quent, whereas mitosis is rare. Roholm and Iversen point out that a 
comparison of biopsy and autopsy material suggests strongly that the 
complete necrosis of liver parenchyma observed postmortem may be a 
phenomenon largely due to autolysis occurring after death. By the 
end of the fourth week regeneration is discernible, and the trabecular 
arrangement is once more established. The cells are more normal 
looking. There is, however, an increase in the connective tissue, most 
marked in the periportal area and extending as irregular streaks be- 
tween the lobules. IMuch of this is reticulum rather than collagen, 
but a certain degree of true cirrhosis may occur. When there is much 
destruction of parenchyma there may be a marked formation of new 
bile ducts. In addition to the degenerative changes described above 
there is a varying degree of inflammatory infiltration by mononuclear 
cells. In concluding this account of what may be called acute benign 
hepatitis (catarrhal jaundice) it must be emphasized that complete 
restoration to normal is the rule. In the fatal cases large areas of 
liver cells may be destroyed, and the liver may be coarsely nodular as 
the result of regeneration of the remaining parenchyma. 

At the opposite end of the scale from benign hepatitis there is the 
condition known as acute yellow atrojjJiy, This purely descriptive 
term denotes the most severe and rapidly fatal form of liver necrosis. 
Acute yellow atrophy and epidemic hepatitis may be regarded as two 
extremes of the same process. Catarrhal jaundice, as Eppinger has 
put it, may be acute yellow atrophy in miniature. There is at present, 
however, no proof that the two conditions are due to the same etio- 
logical agent. It is much commoner in women, and some of the most 
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fulminating cases occur as a complication of the later months of preg- 
nancy, where there may be an element of dietary deficiency due to 
diversion of protein to the fetus. It may, however, occur in men and 
even in children. The onset is sudden and the course very acute, with 
vomiting, profound jaundice, appearance of bile in the urine, diminu- 
tion of the liver dulness, delirium, coma, and death. Crystals of leucine 
and tyrosine are found in the urine. 

The liver, as the name of the disease indicates, is atrophic and 
yellow. It may be one-half the normal size, the rest having been 
destroyed. The capsule is wrinkled on account of the shrinkage, and 
the liver is very soft. At first the color is bright yellow, but later it 
becomes red as the necrotic cells disappear (red atrophy). The yellow 



Fig. 257. — Acute yellow atrophy of the liver. There is an extreme degree of destruction 

of the liver cells. X 350. 

color is due to the necrotic cells being stained with bile, the red color 
is caused by the increased vascularity of the later stages. If death 
occurs very early the liver is completely yellow. The usual appear- 
ance at autopsy is a mottling of red and yellow areas. Microscopically, 
the greater part of the liver may be necrotic. The liver cells are either 
disintegrating or have disappeared, being replaced by granular debris. 
(Fig. 257.) The lobules now consist of dilated capillaries filled with 
blood, and it is these which give the red color to the liver in the later 
stages. A striking feature is the extraordinarily rapid disappearance 
of the damaged liver cells. The illness may only have lasted a few 
days, yet the liver cells may have vanished in large areas. This is not 
seen in the other hepatic necrosis; it is perhaps due to autolysis. 
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The kidneys are apparently acted on by the same toxin which 
destroys the liver, and the epithelium of the convoluted tubules may 
show a considerable amount of necrosis. In consequence of the renal 
lesions albumin and casts appear in the urine. Other urinary changes 
are due to the disturbance of the liver. The urea excreted is greatly 
diminished as it is no longer formed by the liver, while the amino- 
acids are correspondingly increased as the normal deaminization 
which occurs in the liver is stopped. The leucine and tyrosine which 
may crystallize out are protein cleavage products derived from'Tlie 
necrotic liver cells. 

Subacute necrosis unth nodular hyperplasia is the name applied to 
those cases of massive necrosis which recover from one or more attacks, 
''rhe patient frequently has a number of recurring attacks character- 
ized by jaundice, epigastric pain, vomiting and fever. These symptoms 
may be quite mild, in which case the picture is one of catarrhal jaun- 
dice. It will be evident that there is no sharp line to be drawn between 
this state of {iffairs and epidemic hepatitis. The liver is coarsely 
nodular and cirrhotic, the nodules of regenerated liver tissue being 
often quite large. This is the condition called by Mallory toxic cir- 
rhosis and by Marchand multiple nodular hyperplasia. 



FlO. 268 . — Liver in eclampsia, showing peripheral hemorrhagic necrosis. 


Eclampsia. — In this grave complication of the later stages of pregnancy 
there is a hemorrhagic necrosis, usually peripheral in distribution, in about 
half the cases. (Fig. 258.) There may be large red splashes on the surface of 
the liver, so that the organ presents a striking and highly characteristic picture. 
It used to be thought that the liver lesions were the essential feature of eclamp- 
sia, but it is now believed that the basic changes are in the kidney. 
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CIRRHOSIS OF THE LIVER 

Cirrhosis of the liver has been defined by Moon as a progressive 
chronic inflammation, diffuse in extent, accompanied by fibrosis, 
retrogressive changes in the parenchymal cells and proliferation of 
remaining cells in the direction of regeneration. 

A satisfactory classification of cirrhosis is impossible, because the 
antecedents of the condition are unknown in the great majority of 
cases. Two main forms can be recognized, portal cirrhosis and biliary 
cirrhosis, and two lesser forms of minor importance, pigment cirrhosis 
or hemochromatosis and syphilitic cirrhosis. 

Portal Cirrhosis. — This is the common form of cirrhosis. It is 
also known as Laennec’s cirrhosis, atrophic cirrhosis, multilobular 
cirrhosis and alcoholic cirrhosis. The essence of the condition is 
destruction of the hepatic cells and their replacement by fibrous tissue. 
It is probable that the fibrous tissue is stimulated to proliferate by the 
injurious agent. 

Etiology.— There is no one cause of portal cirrhosis, just as there is 
no one cause of contracted kidney. Any agent which leads to diffuse 
necrosis of hepatic cells can give rise to cirrhosis. The known causes 
of liver necrosis have already been enumerated. Some of these, such 
as the use of cincophen in proprietary medicines, can produce typical 
portal cirrhosis. In the great majority of cases of cirrhosis no cause 
can be demonstrated. 

It seems justifiable to distinguish two main groups as regards 
pathogenesis: (1) a common primary or idiopathic type due to various 
slow-acting agents; (2) a secondary type following one or more attacks 
of acute or subacute hepatic necrosis, which may be called post- 
necrotic cirrhosis (Karsner). The former type is more common in 
men, the latter is much commoner in women. 

1. In the great majority of cases cirrhosis is the result of a slow long- 
continued necrosis, a nibbling away of hepatic cells and their replace- 
ment by fibrous tissue. The cause of this gradual destruction is 
uncertain. There is no history of attacks of any kind. There is little 
doubt that a variety of toxins, bacterial, metabolic, or even exogenous 
may be responsible. Anything which interferes with tissue respiration 
(oxidation) in the hepatic cells may give rise to necrosis and finally 
cirrhosis. When there is anoxia of the hepatic cells, efficient carbo- 
hydrate metabolism cannot take place, and the cells become infiltrated 
with fat which replaces the normal glycogen. Marked fatty infiltration 
appears to be an antecedent of cirrhosis in many cases, especially when 
alcohol is a factor (Connor). Many of the hepatic poisons, such as 
chloroform, ether, carbon tetrachloride, and alcohol, interfere with 
cell respiration in the liver, and this is followed by glycogen depletion, 
accumulation of fat, and eventual disintegration of the liver cells. 
The action of these and other agents is intensified by infection, preg- 
nancy, and dietary deficiencies. The importance of what has been 
called dietary cirrhosis in the experimental animal is becoming recog- 
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nized (Gyorgy, Rich and Hamilton, Lillie, ei aL), Various forms of 
dietary deficiency are injurious to liver cells and may eventually lead 
to cirrhosis. Among these may be mentioned vitamin deficiency, high 
fat diet, and a combination of low protein and low choline. Chaikoff 
and his associates have produced cirrhosis in dogs by the long-con- 
tinued administration of a high-fat diet. The liver cells become 
loaded with fat and then atrophy, this being followed by fibrosis 
extending out from the portal areas. Choline deficiency in animals 
first induces severe fatty degeneration of the liver followed later by 
portal cirrhosis. In rats a low protein intake associated with a 
deficiency of the vitamin B complex leads to liver necrosis followed by 
periportal cirrhosis (Gyorgy and Goldblatt). Nodular cirrhosis can 
be produced in rats by feeding them the azo compound known as 
butter yellow (paradimethylaminoazobenzene) for several months (Orr). 
The new connective tissue thus formed is absorbed in part or completely 
some months after the rats are restored to a normal diet (Steinberg 
and Martin). In experimental work it is possible to produce cirrhosis 
by a combination of agents, either of which singly is without effect 
(Moon). The administration of chloroform followed by the intra- 
venous injection of streptococci results in cirrhosis (Opie). It seems 
probable that in human cirrhosis also two or more factors may often 
be responsible. In chronic alcoholism there is a low intake of protein, 
carbohydrate and vitamins, diminished storage of glycogen, and fatty 
replacement of the liver cells. These conditions render the liver more 
vulnerable, with consequent necrosis and cirrhosis. There seems to 
be no doubt that alcohol can cause portal cirrhosis. The difficulty 
is to know how frequent a cause it is. The pathologist must not be 
misled by a negative history of alcoholism in these cases, for chronic 
alcoholics are notorious liars in respect to their drinking habits. The 
length of time over which a liver poison acts has an important influ- 
ence on the effect, at least in the experimental animal. If the action 
of a chemical poison such as carbon tetrachloride is intense over a 
short period, the result is acute necrosis with jaundice, whereas if it is 
prolonged or spaced at short intervals the effect is likely to be cir- 
rhosis, because the lobules are not allowed sufficient time for complete 
repair. 

2. The post-necrotic type may be due to agents known to cause 
diffuse necrosis (cincophen, arsphenamine, trinitrotoluene) or may 
belong to the idiopathic group of yellow atrophies. This type has been 
called toxic cirrhosis (Mallory). There may be repeated attacks of 
jaundice with epigastric pain, vomiting and fever, attacks which are 
designated by the clinician as hepatitis. At each attack large groups 
of liver cells are destroyed. If the patient survives, these areas are 
replaced by fibrous tissue, whilst the remaining cells undergo com- 
pensatory nodular hyperplasia. As the result of the hype^lasia quite 
large nodules of new liver tissue may be formed, the multiple nodular 
hyperplasia of Marchand. 

In actual practice it is often difficult or impossible for the pathol- 
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ogist to differentiate between the two types of cirrhosis, although the 
clinical history is usually of value. Indeed it is possible that the dis- 
tinction itself may be unjustifiable, and that final simplification may 
be reached by the statement that hepatic cirrhosis is merely the end 
stage of hepatitis, its character depending on the type of injurious 
agent, its dose, and the time during which it operates. 

Lesions.— The Iwer is atrophic in the later stages, but in the earlier 
stages it may be larger than normal. This is especially the case when 
the fatty changes due to chronic alcoholism are marked. In extreme 
cases it is only one-half the normal weight. The consistence is very 
firm owing to the large amount of fibrous tissue and it is usually 
difficult to cut. The surface of the liver has a characteristic nodular 
appearance (hob-nail liver), and the cut surface is correspondingly 
nodular. (Fig. 259.) The nodules vary much in size. Large nodules 



Fig. 2.59. — Portal cirrhosis of the liver. The external surface has a coarsely granular 

liob-nail appoarancic. 


over 2 cm. in diameter suggest the post-necrotic type cirrhosis, and 
these may be so large as to produce distortion of the liver. In ordi- 
nary cirrhosis the nodules arc small (hob-nail liver) and the surface 
may be merely granular. The color varies. The islands of liver tissue 
may show no change from the normal, they may be yellow from fatty 
changes, or green due to staining with bile. There is often a general 
brownish or tawny coloration (to which the name of cirrhosis was 
originally due) caused by the deposition of iron pigment. 

Microscopically the earliest change is a proliferation of the connective 
tissue in the portal space. Normally there is sharp delineation of this 
space, but in cirrhosis the boundary is broken by proliferation of 
fibroblasts between the degenerated peripheral cells. As the disease 
advances groups of liver cells of very varying size are separated by 
broad strands of fibrous tissue. The islands of liver cells may resemble 
lobules, but this appearance is fictitious; there is no true lobular 
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arrangement, for there is no central vein in the center of the islands, 
which for the most part represent new formations due to regenerative 
hyperplasia. The portal vein docs not drain into the new nodules, 
which get their blood supply from the hepatic artery. The salient 
feature is thus loss of hepatic architecture. The nodules are com- 
posed largely of new cells which show irregularity of size and arrange- 
ment. Between the nodules the liver cells have disappeared. Occa- 
sionally some of the degenerating cells contain a peculiar hyaline 
material staining deeply with eosin; this appearance used to be con- 
sidered as characteristic of alcoholic cirrhosis (Mallory), hut this 
view has had to be abandoned. The connective tissue forms broad 
bands between the islands of liver cells, and may be young and cellular 



Fi(i. 260. — Portal cirriiosis of liver. Great replacement of liver cells by fibrous tissue, 
with formation of new bile ducts. X 50. 


or old and fibrous. Chronic inflammatory (*ells are present, some- 
times in large numbers, but the chief feature is the greatly increased 
number of bile ducts. Cords of young liver cells may simulate new 
bile ducts. There is evidently a proliferation of biliary epithelium 
which establishes connection with the new groups of liver cells. Jaun- 
dice only appears late in the disease and even then it is seldom marked. 

Typical lesions of portal cirrhosis are found in Banti’s disease and in 
progressive lenticular degeneration (Wilson’s disease). 

Testicular atrophy is a common finding in hepatic cirrhosis. It is 
much more frequent in those below the age of fifty years than in those 
above that age. It has been suggested from experimental evidence 
that there is failure of normal inactivation of estrogens by the liver, 





556 


THE LIVER AND GALL-BLADDER 


and that this results in atrophy of the testes (Morrione). The urine 
from patients with cirrhosis of the liver contains increased amounts 
of free estrogens, and it is well known that administration of estrogens 
leads to testicular atrophy. 

Biliary Cirrhosis.— In this form of cirrhosis the etiological factor 
which damages the liver cells and stimulates the connective tissue to 
proliferate comes by way of the bile ducts. It is a good deal less 
common than the portal form. It is usually due to obstruction of the 
bile passages, hence is known as obstructive biliary cirrhosis. Some cases 
where there is no obstruction may be attributed to biliary infection. 

The chief causes of biliary obstruction are cancer of the head of the 
pancreas, stone in the common bile duct, and benign stricture of the 
duct. Cancer of the head of the pancreas is likely to cause rapid 
dilatation of the hepatic ducts rather than cirrhosis, which is a slow 
process. Congenital obstruction of the bile passages in children leads 
to the obstructive type of cirrhosis. 



o 


Fig. 262. — The effect of biliary 
Fig. 261. — Biliary cirrhosis. The cirrhosis obstniction. The bile canaliculi are 
is monolobular in type. Numerous bile ducts distended with bile anrl the liver 
in connective tissue. X 50. cells are disintegrating. X 600. 

The liver is usually of normal size, but it may be enlarged. The 
surface is smooth or very finely granular and the whole liver may be 
stained an intense green. The bile ducts are dilated and tortuous and 
new ducts appear to be formed. The connective tissue in the portal 
areas is increased and infiltrated with chronic infiammatory cells. 
This connective tissue encircles the lobules, so that the cirrhosis 
tends to be monolobular in type (Fig. 261). The bile canaliculi in 
the interior of the liver cells are distended with thick bile to such an 
extent that the liver cells may be disintegrated (Fig. 262) ; they seem 
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to burst, the canaliculi are ruptured, and the inspissated bile is seen 
between the liver cells and the walls of the sinusoids. There is marked 
jaundice but no ascites. The spleen may be enlarged. 

Sometimes the liver presents a picture of biliary cirrhosis, but no 
obstruction can be demonstrated. Biliary infection may be blamed, 
and the lesion called infective biliary cirrhosis, Hanoi's cirrhosis or 
primary^ biliary hypertrophic cirrhosis, a rare condition characterized by 
severe jaundice, a very large green liver and an unduly large spleen, 
may be regarded as due to intrahcpatic obstruction, perhaps caused by 
inflammation of the finer bile ducts. 

Hemochromatosis. — This rare condition, known also as bronzed diabetes, 
is not really a disease of the liver but a disturbance of iron metabolism. The 
liver contains enormous quantities of iron in the form of hemosiderin. The 
pigment is present in the liver cells, Kupffer cells and connective tissue. 
Owing to the continued irritation of the pigment the liver cells become necrosed 
and disappear, and there is a marked proliferation of connective tissue with 
a resulting pigment cirrhosis, the microscopic appearance of which is identical 
with portal cirrhosis. The liver is usually enlarged and of a characteristic 
brown color. The general question of hemochromatosis is discussed in 
Chapter II. 

The Relation of Symptoms to Lesions.— Although the cirrhotic liver may 
show marked disorganization and actual destruction of the parenchyma of 
the organ, there is a remarkable freedom from symptoms of hepatic insuffi- 
ciency, owing to the great margin of safety which the liver possesses. The 
symptoms are mainly those of obstruction, both portal and biliary. 

Portal Obstruction , — This is the chief effect of portal cirrhosis. There is 
congestion of the entire portal circulation with digestive disturbances, anorexia, 
etc. Ascites develops owing to transudation through the walls of the mesen- 
teric veins. The spleen is enlarged. It differs from the cardiac spleen of 
heart disease in being much larger but not nearly so hard. In the cardiac 
spleen the sinusoids are distended with blood, while in the cirrhotic spleen 
there is a cellular increase of the pulp and marked deposits of hemosiderin. 
The splenic enlargement of cirrhosis is not always due to portal congestion, 
for it may be present in biliary cirrhosis. It is probable that the infective or 
toxic agent which acts on the liver acts also on the spleen. This is apparently 
the case in Banti^s disease. 

A collateral circulation is established with the systemic circulation, but 
this seldom proves sufficient. Moreover varicose dilatations are apt to develop 
at the points where the two circulations communicate. Three of these are of 
clinical importance. (1) At the lower end of the esophagus and the cardiac 
end of the stomach the varicosities may give way, causing severe or fatal 
hemorrhage (hematemesis). The injudicious use of the stomach tube may 
cause rupture of these veins. They are easily overlooked at autopsy because 
the veins collapse when the liver is removed, so that the esophagus should be 
examined first in a case of cirrhosis. (2) Less frequently varicosities (henior- 
rhoids) are formed at the junction of the inferior mesenteric and hemorrhodial 
veins. (3) The epigastric veins of the abdominal wall which communicate 
with the veins at the hilus of the liver by way of the round ligament become 
dilated, and there may be a ring of varicosities around the umbilicus known 
as the caput medusx, ^ x x- 

The cause of the venous obstruction is not stenosis due to the contracting 
fibrous tissue as is commonly supposed, although it cannot be denied that this 
may play some part. Injection and corrosion preparations show that th^re 
is a great diminution of the total vascular bed, so that the main trunks ut 
portal vein are stenosed and the finer radicles disappear. The r^son for this 
appears to be the great destruction of the liver parenchyma which is the essen- 
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tial lesion in cirrhosis, followed by gradual obliteration of the now functionless 
radicles. It is true that new groups of liver cells are formed, but these are 
not true lobules, and it can be seen from injection preparations that they are 
completely devoid of venous channels. 

There may be marked hypoproteinemia in portal cirrhosis. This causes a 
low serum colloid osmotic pressure, which probably accounts for the edema 
which may develop and partly at least for the ascites. 

Biliary 06s«ri/c^ion.— Jaundice is the great symptom of obstructive biliary 
cirrhosis, the bile being unable to escape from the bile ducts and accumulating 
in the blood. Cases of portal cirrhosis often develop jaundice in the terminal 
stages, but it is seldom severe. It may be explained by the extreme dis- 
organization and distortion of the normal architecture of the liver Indeed it 
is to be wondered at that jaundice is not a more marked feature of portal 
cirrhosis. 


ABSCESS OF THE LIVER 

An abscess may be caused by infection reaching the liver by way 
of (1) the hepatic artery, (2) the portal vein or (3) the bile duct. 

(1) Hepatic artery injection is a manifestation of pyemia, often com- 
plicating ulcerative endocarditis. Large numbers of small, even 
microscopic, abscesses are scattered through the liver. The condition 
is a terminal one, and death occurs before the abscesses have time to 
attain any size. 

(2) Portal vein infection is usually due to septic embolism from a focus 
of suppuration in the appendix, or sometimes in the stomach or in- 
testine. It is a portal pyemia, so that the abscesses are multiple, 
being most numerous in the right lobe. They are likely to become 
much larger than those of hepatic artery infection, as the patient has 
more chance of living longer. Occasionally there is direct extension 
of the inflammation from the septic focus in the gastro-intestinal tract 
along the portal vein to the liver, a condition of suppurative, pyle- 
phlebitis (pyle, a gate). The portal vein is filled with a soft infected 
thrombus, and when it is slit open it can be followed down to the 
original source of the infection. 

Ama:bic abscess or tropical abscess is a special example of portal 
vein infection. It is a common complication of amoebic dysentery, 
the amoebse being carried from the intestine to the liver by the p)ortal 
circulation. The abscess may be single or multiple. The common 
site of the solitary abscess, which may attain a great size, is the upper 
part of the right lobe causing upward displacement of the right dome 
of the diaphragm. The contents are viscid and chocolate-colored, 
but are necrotic rather than pmnlent unless secondary infection 
occurs. It may rupture into the peritoneum or lung. The condition 
is often a very chronic one. 

(3) Bile-duct infection causes cholangitic abscesses. They are asso- 
ciated with calculus obstruction in the ducts or suppuration of the 
gall-bladder. The abscesses are multiple and of considerable size, and 
the bile ducts arc filled with pus. 
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STPHnJS OF THE UVER 

Syphilis of the liver may occur in two forms, congenital and acquired. 
The congenital lesions are usually diffuse, the acquired are localized. 


Congenital. --This form occurs in 
a child the subject of congenital 
syphilis. In the early stages the 
liver is enlarged; later it may be con- 
tracted. In Levaditi preparations 
the liver is found to be swarming 
with spirochetes, which are distrib- 
uted diffusely through the entire 
organ. This serves to explain the 
lesion which is known as syphilitic 
cirrhosis, and takes the form of a 
fine diffuse fibrosis which penetrates 
the lobules and may separate the 
liver cells. (Fig. 263.) The spiro- 
chetes injure the fibroblasts, and 
these proliferate to such a degree 
that there is a secondary atrophy of 
the liver cells. This is the opposite 
of what occurs in ordinary cirrh- 
osis. As the fibrous tissue contracts 
the liver tends to become atrophic. 
Its surface remains smooth. In 
addition to the syphilitic cirrhosis 
small guminata may be formed. 



Flo. 263.— Syphilitic cirrhosis. The 
individual liver t'olls are separated by 
fine connective tissue. X 400. 



Fig. 264.— Gumma of liver. 
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Acquired.— The lesion of the acquired form is the tertiary gumma 
of which there may be several. (Fig. 264.) They may be of consider- 
able size. The left lobe tends to be more involved than the right. 
There may be tumor-like masses on the surface. As the gummata heal 
abundant scar tissue is formed, and when this contracts deep fissures 
are produced. These fissures divide the liver into irregular lobes, so 
that sometimes a remarkable degree of deformity is produced which is 
absolutely characteristic of the condition. Such a deformed and 
scarred liver is called hepar lohatum. (Fig. 265.) 



Fig. 265. — Hepar lobatum. 

TUBERCULOSIS OF THE LIVER 

This may take two forms. (1) Miliary tubercles are scattered through the 
liver in general miliary tuberculosis. They are usually found in the region 
of the portal tract. (2) The solitary tubercle or tuberculoma is a rare con- 
dition in which a large caseous mass is formed which is easily mistaken for a 
gumma. Indeed the differentiation may not be possible unless the tissue is 
stained for tubercle bacilli. 

ACTINOMTCOSIS OF THE UVER 

The infection usually spreads from a primary focus in the cecum or appendix. 
Secondary abscesses are formed in the liver. These at first are arranged in 
small groups so that the affected area has a loculated or honeycomb appearance 



TUMORS OF THE LIVER 


561 


which IS very characteristic. In some cases it resembles a sponge full of pus. 
Later large abscesses are formed containing the familiar sulphur granules 
in which the mycelia can be demonstrated. 

TUMORS OF THE LIVER 

Although the liver has such remarkable powers of hyperplasia, 
primary tumors both innocent and malignant are quite rare. Second- 
ary tumors are very common, because all the blood from the gastro- 
intestinal canal and pancreas passes through the liver, and it is supplied 
in addition by the hepatic artery. 

Primary Carcinoma. — Primary cancer is as rare as secondary cancer 
is common. Before diagnosing a tumor as primary carcinoma, every 
other possible source of growth must be excluded. There are two 
forms of primary carcinoma of the liver: (1) heyatmna or liver-cell 
carcinoma; this is the usual variety; (2) cholangiama or bile-duct 
carcinoma. In typical cases the differentiation is very easy, but in 
atypical cases it is very difficult. In a series of 40 cases of primary 
carcinoma of the liver reported by Wilbur, Wood and Willett from 
San Francisco, 92 per cent were hepatomas and only 8 per cent origin- 
ated from the bile ducts. The sex incidence was striking, for 9() per 
cent were in males. Niue of the patients were under forty years of 
age, and in one an abdominal mass was discovered three days after 
birth. In 12 cases there was gross bleeding into the peritoneal cavity. 

Hepatoma. —There may be one large tumor with a few small out- 
lying nodules, or more rarely multiple small nodules are scattered 
throughout the liver without any large primary growth. The massive 
tumors are soft, necrotic, and often show hemorrhage. When the 
growths are multiple there has usually been spread through the liver 
by the portal vein, for invasion of the vein is common. In some cases 
it appears probable that the tumors are of multicentric origin. This 
is especially so with the small multiple type of growth. The inter- 
vening portions of the liver may be very firm owing to portal cirrhosis 
w hich is commonly associated with primary carcinoma, and may give 
the liver a finely nodular appearance. Microscopically the tumor con- 
sists of liver cells very irregular in size and arrangement. They are 
arranged in interlacing strands, but sometimes show an attempted 
alveolar or even adenomatous formation which is easily confused with 
that of bile-duct carcinoma. Multinucleated giant cells may form a 
striking feature; indeed some of the largest carcinomatous cells occur 
in this tumor. (Fig. 266.) Cirrhosis is often prominent in the remain- 
ing parts (^f the liver; it is of the portal type. It is probable that the 
cirrhosis is primary, and that the tumor arises from the associated 
hyperplastic nodules. 

Primary cancer of the liver has a curious geographic distribution. 
It is very rare in Europe and America, but it is very common in the 
natives of the Far East, especially some parts of China and Malaya, 
and of South Africa. Indeed in Java and other large centers it is the 
commonest of all forms of carcinoma. Experimental carcinogenesis 
36 
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suggests a probable explanation of the mystery. Investigators in 
Japan induced primary cancer of the liver in mice and rats by adding 
certain azo dyes, such as butter yellow, to the diet (Sasaki and Yos- 
hida). European and American workers failed to confirm these results. 
The reason for this was found to lie in the diet. The Japanese animals 
were fed on rice and carrots, whereas the European and American 
animals were fed largely on wheaten cereals. When the latter animals 

were fed on the Japanese diet, the 



Flu. 206. — Hepatoma. Tlie very large Fio. 207. -Cholaiigioina. The 
cells are characteristic of this tumor. tumor cells in places are arranged 
X 200. around ducts. 


that the protective factors in the diet were casein and riboflavin 
(Sugiura and llhoads). It may be noted that when rats are kept for 
a long period on a choline-deficient diet a considerable proportion of 
them develop carcinoma of the liver, either hepatoma or adenocarci- 
noma (Copeland and Salmon). It is highly probable that the ex- 
planation of the peculiar geographic incidence of human liver cancer 
is a matter of diet. 

rainiftnginma. — Bile-iluct carcinoma is less common than hepatoma 
and less often associated with cirrhosis. The tumors are multiple, and 
the liver is enlarged and stained with bile. The microscope appear- 
ance is that of an adenocarcinoma in typical cases, the lining cells 
resembling those of the bile ducts. (Fig. 2()7.) Giant cells are seldom 
seen. In the more atypical forms the structure resembles that of a 
hepatoma. 
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Ssnnptoms. — The symptoms of primary' carcinoma of the liver are often due 
as much to the cirrhosis as to the tumor. Jaundice and ascites are common. 
A very rapidly recurring ascites suggests malignant invasion of the portal 
vein. Fever is present in oyer 10 per cent of cases It may be compared with 
the fever of gumma of the liver, and in both cases seems to depend on a mass 
of necrotic material in the liver. 

Secondary Carcinoma. — Secondary carcinoma of the liver is very 
common. The spread may be: (1) from the gastro-intestinal tract 
by way of the portal vein, (2) by the systemic circulation (hepatic 
artery), (3) by the lymphatics, (4) by direct spread from the gall- 
bladder, stomach, or pancreas. Cancer of the stomach is the most 
common primary site, but cancer of the breast and the lung deserve 
special mention. Other sites are the kidney, adrenal, uterus, and eye 
(malignant melanoma). 

The liver may be enormously enlarged or of normal size. The tumors 
are multiple and are more on the surface than central in position. They 
vary greatly in size, are soft and necrotic, and may be yellow from 
necrosis, green from bile-staining, or red from hemorrhage. The 
superficial tumors show a falling-in of the center due to necrosis, which 
from the outside gives an appearance of dimpling knf)wn as nmbilica- 
tion. There is no cirrhosis. 

Willis points out that invasion of the larger portal tributaries in the 
liver by tumor growth is responsible for the multiplicity of nodules. 
There may be oTily one metastasis in the first place, but this mechanism, 
which can be demonstrated by cutting the liver into thin slices, is 
responsible for the multiplicity. Invasion of elferent veins is an 
important factor in further dissemination to the lungs. 

Sarcoma.— Primary sarcoma is extremely rare. Secondary sarcoma is not 
common. 

Innocent Tumors.- *An adenoma is very rare. It usually remains small and 
is composed of irregular columns of liver cells; the normal architecture of the 
lobule is lost. The nodules in a cirrhotic liver when large may be mistaken 
for adenomata. Cavernous hemangioma is fairly common. It is found by 
accident at autopsy and causes no symptoms. It forms a small r?d or purple 
area always situated on the surface and apt to be mistaken for an infarct. 
It consists of cavernous blood-filled spaces. 

PARASITES IN THE LIVER 

Hydatid Disease.— The presence of hydatid cysts in the liver causes 
a tumor-like enlargement. It is a comparatively rare disease except 
in those sheep-raising countries where men come into intimate contact 
with dogs, e, g., Australia, South America, etc. In these countries 
it is very common. The life cycle of Tivnia echinococ(msj of which the 
cystic stage is the hydatid, has already been traced in Chapter VIII. 
The ingested embryos bore their way through the wall of the bowel, 
and arc carried to the liver by the portal vein. Here they develop 
into the larval or cysticercus stage. ^Phe cyst wall is composed of a 
laminated membrane rather like the white of an egg, lineil by a ger- 
minal layer from the cells of which daughter cysts grow. Scoliccs or 
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heads of new individuals are formed within the cysts, and these are 
armed with a row of small booklets. The nature of the cyst can be 
recognized from the microscopic appearance of the laminated mem- 
brane, or the presence of the tiny booklets in the watery fluid. 

The liver may be greatly enlarged, and the mass caused by the large 
cysts is easily mistaken clinically for a tumor. The larvae dies out 
after some years, and the cyst may be converted into a putty-like mass 
with calcification of the capsule. Rupture may occur into the abdom- 
inal or pleural cavity, and the fluid may produce toxic effects. The 
fluid may be used as an antigen in a complement-fixation test or a 
precipitin test for the disease. 

Other Parasites.— In tropical countries (China) Distoma hepaticum may 
invade the bile ducts and cause jaundice. Bilharzia hsematohia (Schistosoma 
hspmatobium) may invade the branches of the portal vein and deposit the ova 
in the connective tissue of the liver. This causes a rather characteristic form 
of cirrhosis with areas of dense white connective tissue around the portal 
tracts. The condition is common among the native races, and is of interest 
because it may be associated with primary carcinoma. 

DEGENERATION OF THE LIVER 

Fatty Degeneration.— So-called fatty degeneration of the liver has 
already been considered in Chapter II. It is really an infiltration, fat 
being carried from the fat depots to the liver where it fails to be 
metabolized for various reasons. Accumulation of fat in the liver 
is one of the most delicate indicators of interference with the health 
of the organ. It is marked in diabetes, pernicious anemia, chronic 
alcoholism, etc. Starvation induces the condition, thus explaining 
in part the frequency with which it is found in hospital autopsy mate- 
rial. The part played by lipotropic factors in the experimental produc- 
tion of accumulation of fat in the liver has already been discussed on 
page 22. Extensive replacement of liver cells by fat in heavy drinkers 
may be the cause of entirely unexpected and abrupt death (LeCount 
and Singer). The liver is huge, and the liver cells are represented by 
large fat globules. Replacement of glycogen is the probable cause of 
death. The fatty liver is yellow in color and greasy to the touch. 
The fat is either in the form of one large globule which pushes the 
nucleus to one side or of many tiny droplets scattered through the 
cytoplasm. The latter probably indicates a greater disturbance in 
the health of the cell. 

Amyloid Degeneration.— Amyloid disease is described in Chapter II. 
The spleen and the kidney are involved as well as the liver. The liver 
is much enlarged, smooth, and firm and elastic in consistence. The 
cut surface has a characteristic translucent (waxy) look, with brown 
amyloid patches when treated with iodine. The essential change is 
an extreme hyaline (amyloid) swelling of the connective tissue, as a 
result of which the liver cells undergo a pressure atrophy and largely 
disappear. The veins and sinusoids are also compressed, yet ascites 
is a rare occurrence though sometimes it does develop. There is no 
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jaundice. In advanced cases the microscopic changes are so extreme 
and the replacement of liver cells so great that it is remarkable that 
there is so little disturbance of liver function. 

Atrophy.— This is most marked in inanition, and in chronic starvation the 
liver may be quite shrunken and of a uniform brown color with loss of lobula- 
tion. In old age some atrophy is common. Pressure of a tumor, of amyloid 
deposits, etc., may produce local atrophy. Tight lacing (in the past) or con- 
tinual stooping (occupational) may lead to the formation of grooves on its 
upper and anterior surface. There may be deep sagittal furrows corresponding 
to bulgings of the diaphragm. 

Postmortem Changes. — The commonest change is a bluish or greenish 
discoloration of the surface, due to the action of hydrogen sulphide liberated 
from the intestine and similar to the postmortem discoloration of the abdom- 
inal wall. It is seen first in those parts of the liver in contact with coils of 
intestine. Foamy liver is a condition in which the organ is filled with bubbles 
of gas, which are produced after death by gas-forming bacilli. It may resemble 
a sponge. The condition is most likely to occur in wound infections with the 
anaerobic gas-producing bacteria. 



Fiu. 268 . — Nutmeg liver showing a combination of chronic venous congestion and 

fatty degeneration. 


CIRCULATORT DISTURBANCES OF THE LIVER 

Chronic Venous Congestion.— No organ shows chronic congestion so 
often as the liver, because when there is any back pressure on the venous 
circulation it is the hepatic vein which feels it first, as it practically 
opens into the right auricle. The common cause is valvular disease 
of the heart or myocardial failure. Emphysema which narrows or 
obliterates the pulmonary capillaries causes distention of the right side 
of the heart, and this is followed by congestion of the liver. 

The liver is enlarged so that it can be felt below the costal margin, 
firm, and as the capsule is tightly stretched it may be painful and 
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tender. In the later stages it may become smaller owing to atrophy 
of the parenchyma. The cut surface shows the characteristic appear- 
ance known as nutmeg liver, characterized by undue distinctness of the 
lobules and a mottling with dark and light areas. (Fig. 268.) The central 
^'ein and the surrounding sinusoids are filled with blood so that the 
center of the lobules is dark red; the periphery is pale because the 
cells are fatty and swollen, and the congestion of the sinusoids is much 
less there. Microscopically the central vein and the sinusoids of the 
central area of each lobule are so distended with blood that the liver 
cells may have largely disappeared owing to pressure atrophy. At the 
periphery of the lobule the congestion is usually much less marked, 
and the liver cells are fairly intact, but they show a considerable 
degree of fatty degeneration owing to the poor oxygenation. Owing 
to the disappearance of the central cells there is a condensation of the 
stroma, which some writers refer to as cardiac cirrhosis. 

Infarction,— True infarction of the liver is a remarkably rare occurrence. 
Pseudo-infarcts are much commoner. The latter are generally hemorrhagic, 
and are really localized areas of venous engorgement, but they may be anemic. 
The distinction between true and false infarcts depends on the presence or 
absence of necrosis, so that it can only be made with the aid of the microscope. 
There are various reasons for the rarity of true infarcts. (1) The liver has a 
double blood supply from the hepatic artery and the portal vein. (2) About 
65 per cent of the blood is supplied by the portal vein, and cutting off this 
venous blood is not likely to have the same effect on the liver cells as the loss 
of arterial blood; I have seen complete thrombosis of the portal vein without 
any apparent damage to the liver. (3) The liver cells are accustomed to a 
condition of relative anoxia, and they can resist temporary ischemia caused 
by ligation of the hepatic artery and portal vein for six to twelve hours. (4) 
Unnamed collateral vessels pass from the diaphragm into the liver. (5) The 
hepatic artery does not arise directly from the aorta. The chief causes of 
infarction are embolism of the hepatic artery and periarteritis nodosa affect- 
ing that vessel, both very rare conditions. The infarct tends to remain red, 
but it may become pale. Traumatic infarction is a condition in which the 
blood supply to a portion of the liver is cut off as the result of laceration from 
crushing injuries. The affected part undergoes a coagulative necrosis and 
has a dull yellow appearance. The condition is rare because the patient is 
likely to die of hemorrhage into the peritoneal cavity. 

Portal Thrombosis.— Thrombosis of the portal vein may complicate cir- 
rhosis and primary carcinoma. Sometimes it is the result of a chronic phle- 
bitis. The wall of the vein usually shows evidence of sclerosis. When the 
main vessel is filled by a thrombus there will be very marked and rapidly re- 
curring ascites, enlargement of the spleen, and other signs of portal obstruction. 

Hepatic Vein Thrombosis.— This rare condition may be due to a tumor 
extending into the vein, to portal cirrhosis, and sometimes to no obvious cause. 
I have seen a case in which thrombosis followed three weeks after an abortion. 
The chief effects are pain and swelling of the liver and ascites. 

CONGENITAL ANOMALIES OF THE LIVER 

In rare cases one lobe of the liver may be absent or the left lobe may be 
very small. Riedel's lobe is a downward prolongation of the right lobe which 
may be mistaken for an abdominal tumor. Cystic liver is probably a con- 
genital condition, although it is usually seen in the adult. It is associated 
with the much commoner congenital cystic kidney, but the latter usually 
occurs without any cysts in the liver. Sometimes there are cysts in the pan- 



JAUNDICE 


567 


creas. The cysts in the liver may be few and small, or the whole liver may be 
studded with large and small cysts so that the organ is greatly enlarged. In 
this case there will be great pressure atrophy of the liver parenchyma. As in 
the case of the cystic kidney the cysts tend to enlarge gradually. They contain 
a clear albuminous fluid and are lined by cubical epithelium. The condition is 
supposed to be due to some malformation of the smaller bile ducts, which fail 
to become connected with the main biliary tree and undergo cystic dilatation. 
Occasionally other congenital abnormalities such as hydrocephalus, spina 
bifida, and talipes may be present. 

JAUNDICE 

The liver has far more important functions than the excretion of 
bile, but at present the estimation of those functions is a matter of 
great difficulty, and the study of the behavior of the bile pigments 
affords one of the most convenient methods for determining the state 
of health or disease of the liver cells. For this reason the study of 
jaundice or icterus is of interest to the pathologist as well as to the 
clinician. Jaundice is a color- 
ation of the skin and sclerotics 
by bile pigment in the blood, 
l^he color varies from pale yellow 
to deep orange or even green. 

The internal organs are pig- 
mented with the exception of 
the central nervous system, 
which usually escapes. 

Bilirubin is formed from the 
hemoglobin of broken-down 
erythrocytes by the cells of the 
rcticulo-endothelial system, 
principally those of the bone- 
marrow and spleen. If hemoly- 
sis is increased the amount of 
bilirubin formed will be corre- 
spondingly increased. The bile 
acids are synthesized only by 
the liver. 

When the bilirubin is formed it 
is carried to the liver for excre- 
tion. There are three elements in 
aliver lobule: (1) the hepatic cf li : 

(2) the bile canaliculus, which we may call the bile duct ; and (3) the 
sinusoid, which connects the portal with the hepatic vein and is lined 
intermittently by Kupffer cells. (Fig. 269.) The hepatic cell is flanked 
on one side by the vessel, on the other side by the bile duct. The 
bilirubin is carried to the lobule by the blood, passes through the wall of 
the vessel, is excreted by the hepatic cell into the bile duct, and escapes 
into the intestine. In the large bowel it is reduced by bacterial action 
to urobilinogen which is colorless. The greater part of the urobilino- 
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gen is excreted in the feces, but part is absorbed into the portal circula- 
tion and passes to the liver. Part of this fraction is again excreted by 
the hepatic cells, but part passes on into the general circulation and is 
excreted in the urine. In health a very small but fairly constant 
amount of urobilinogen is present in the urine. When bilirubin has 
passed through the hepatic cells it is affected by the bile acids, pos- 
sibly by direct coupling. If the altered bilirubin is then reabsorbed 
into the blood, as in obstructive jaundice, it is able to pass the barrier 
of the renal filter and appears in the urine. If it has not passed through 
the hepatic cells it is held up by the renal barrier and does not enter the 
urine, even though the amount in the blood is sufficient to produce 
jaundice; this is known as acholuric jaundice. 

The most rational classification of jaundice is based on the relation 
of the bilirubin to the liver cell. The lesion responsible for the jaundice 
may be before, in, or after the bilirubin has passed through the liver 
cell, the result being respectively hemolytic, hepatic, or obstructive 
jaundice. The first two may be grouped together as retention jaundice, 
the liver being unable to excrete all the bilirubin, which therefore 
accumulates in the blood. This inability may be due to too much 
bilirubin being produced (hemolytic jaundice), or to sickness of the 
liver cells preventing them from excreting the normal amount of 
bilirubin (hepatic jaundice). For a further discussion of these matters 
and a consideration of what he calls regurgitation jaundice, Ric})’s 
excellent paper should be consulted. 

1. Obstructive Jaundice. —The purest examples of obstructive jaun- 
dice are cases of obstruction of the common bile duct by cancer of the 
head of the pancreas, stone in the duct, or stricture of the duct. The 
pigment passes through the liver cells, but as it cannot escape, it is 
reabsorbed into the blood, produces clinical jaundice, and fiows over 
into the urine. The congenital jaundice of children (not icterus neona- 
torum) due to atresia of the biliary passages belongs to this group. 
When the obstruction is severe little or no bile passes into the intestine, 
and the stools are clay-colored, because the fats remain undigested in 
the absence of bile. Owing to this absence no urobilinogen is formed, 
and as none is absorbed the urobilinogen normally present in the urine 
disappears completely. Quantitative estimation of the amount of 
urobilinogen excreted in the feces per day is of value in distinguishing 
between jaundice due to cancer of the head of the pancreas, an in- 
operable condition, and jaundice due to a stone in the common bile 
duct which can be removed by operation. If the jaundice is due to 
tumor the urobilinogen is below 5 mg. per day; if due to stone, which 
causes less complete obstruction, the amount is over 10 mg. (Watson). 
It was thought that the serum phosphatase was raised in obstructive 
jaundice, though not in the hemolytic and hepatic forms, but this is 
probably wrong. 

2. Hemolytic Jaundice.— When there is excessive hemolysis the 
bilirubin carried to the liver cannot be all excreted so that some re- 
mains in the blood. This type of bilirubin cannot pass the kidney filter, 
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so that the jaundice is of the acholuric type although there is a great 
increase of urobilinogen in the urine. The jaundice is never so intense 
as it may become in the obstructive form. This form of jaundice is 
best seen in the disease known as hemolytic jaundice (also called 
acholuric jaundice), in which there is overactivity of the reticulo- 
endothelial system and increased fragility of the red blood cells, as a 
result of which the amount of hemolysis is considerably above normal. 
As might be expected, the amount of urobilinogen excreted in the feces 
is greatly increased. 

. lesser degrees of jaundice may occur whenever there is marked 
hemolysis, e. g., as the result of snake-bite, intraperitoneal hemorrhage, 
large pulmonary infarcts, ruptured tubal pregnancy, and blood infec- 
tion with hemolytic streptococci. Sometimes, as in pernicious anemia, 
the blood bilirubin may be above normal as shown by the icterus 
index, but below the amount necessary to produce clinical jaundice. 
This is known as latent jaundice. 

3. Hepatic Jaundice.— This form, also called toxic jaundice, is the 
jaundice of ‘Tiepatitis,” or, more accurately, of liver necrosis. Hepato- 
cellular jaundice is perhaps the most descriptive term for the condition. 
'J"hc first effect of disease of the hepatic cells is an inability to excrete 
all the bilirubin, some of which therefore accumulates in the blood. 
An even earlier result is a retention in the blood of the urobilinogen 
brought from the bowel, and a corresponding increase of the uro- 
bilinogen in the urine. With continued action of the toxin the hepatic 
cells become more and more swollen so as to cause obstruction of the 
tiny bile canaliculi whose walls they form. Some of the bilirubin still 
passes through the sick cells, but as it cannot escape on account of the 
blockage of the canaliculi it is reabsorbed. If the chief effect of the 
lesion is retention, the bilirubin will not appear in the urine. If there 
is much obstruction of the canaliculi this reabsorbed bilirubin will 
accumulate in the blood and flow over into the urine. In the most 
extreme forms little or no bile may enter the intestine. In this case 
the stools will be clay-colored, and the urobilinogen in the urine will 
first diminish and finally disappear altogether. 

The toxic form of jaundice covers a wide clinical range. Its most 
extreme manifestation is represented by acute yellow atrophy. There 
may be lesser degrees of toxic necrosis with recurring attacks of jaundice 
and a gradually developing portal cirrhosis. At the other end of the 
scale is the very common so-called catarrhal jaundice. 

Catarrhal Jaundice.— This is by far the commonest form of jaundice 
met with clinically, but it does not fall easily and completely into any 
of the three great groups just described. The reason for this is that 
it is not a pathological entity. Clinically it is characterized by a 
transient attack of jaundice lasting a few days or a few weeks, which 
may or may not be associated with gastro-intestinal disturbances. 
The jaundice is usually mild, but may be so severe and continued as to 
arouse suspicion that it is caused by pressure on the bile duct by a 
cancer of the head of the pancreas. 
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The original view (Virchow), as the name suggests, was that the 
chief etiological factor wais a catarrhal swelling of the opening of the 
common bile duct due to an acute gastro-intestinal disturbance. I^ater 
it was believed to be an extension of the inflammation into the finer 
ducts. The popular present-day conception of acute catarrhal jaun- 
dice is that it is a hepatitis or toxic necrosis of the liver, an acute yellow 
atrophy in miniature (Eppinger). There is truth in all these views, 
for the basis of catarrhal jaundice may be: (1) catarrhal obstruction 
of the opening of the bile duct, (2) toxic necrosis of the liver. Provided 
these lesions are transient, the jaundice will be ^‘catarrhal*' in type. 

1. There may be obstruction of the opening of the common bile 
duct due to gastro-intestinal catarrh, as in Virchow’s original case and 
ill Eppinger’s case where the patient committed suicide a week after 
the appearance of the jaundice. It is seldom that the pathologist is 
so fortunate as to get such an opportunity to examine the parts, for the 
condition is essentially harmless. In these cases the jaundice is 
obstructive in type. 

2. The jaundice may be due to a mild and transient toxic necrosis 
of the liver, Eppinger’s “acute yellow atrophy in miniature.” The 
functional liver tests may show considerable impairment of function. 
Barber and Osborn report the case of a man who suffered from typical 
catarrhal jaundice for a week, and died at the end of that time of a 
fractured skull. The essential lesion was in the liver cells, which 
showed numerous mitoses (an indication that necrosis had occurred) 
and contained granules of bile pigment. 

Infectious Jaundice.— It sometimes happens that epidemics of 
jaundice break out amongst large groups of men living together, as 
under active servicre conditions. As no bacterial agent has been 
isolated from these cases it has been suggested that the outbreak is 
due to a virus infection. During World War II similar outbreaks 
appeared as the result of injections of certain batches of convalescent 
serum (measles, mumps) and yellow-fever vaccine containing scrum. 
These cases of so-called serum jaundice are apparently due to an 
infectious hepatitis and have been attributed to a virus. A remarkable 
feature in these cases is the long interval, from sixty to one hundred 
days, between injection of the icterogenic agent and the development 
of jaundice. The infective agent has been shown to be excreted in 
the feces, and it is believed that it is transmitted by drinking water 
(Xeefe and Stokes). 

Symptoms of Jaundice . — The principal symptoms are due to a retention of 
bile salts rather than to the bile pigment. In the disease known as hemolytic 
jaundice where the liver cells are normal there is no retention of bile salts, so 
that there are none of the characteristic symptoms. Such a dissociation 
between bile salts and bile pigment is spoken of as dissociated jaundice. In 
obstructive jaundice the salts as well as the pigment are retained, and the 
patient suffers from severe and sometimes uncontrollable itching, bradycardia 
(slow pulse), hemorrhage due to injury of the capillary endothelium by the 
bile salts, and various nervous symptoms. The blood cholesterol, which 
should normally escape in the bile, is increased, and there may be deposits of 
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cholesterol in the skin which form small yellow nodules known as xanthomata. 
Bleeding is an important feature of jaundice, and postoperative bleeding may 
prove fatal. It is due to a marked fall in the plasma prothrombin, associated 
with prolonged clotting time. The low prothrombin level is due to: (1) 
failure of absorption of vitamin K from the intestine owing to absence of bile; 
(2) damage to the liver, in which organ prothrombin is formed from vitamin K. 
Administration of synthetic vitamin K before operation will bring the pro- 
thrombin level back to normal and prevent hemorrhage. In catarrhal jaundice 
there is a characteristic leucopenia or diminution in the white cells of the 
blood, which often fall to 4000 per c.mm. and sometimes even to 2000. The 
chief decrease is in the polymorphonuclears. 

• Icterus Neonatorum. Some degree of jaundice is very comnion in the 
newly-born. This is merely an exaggeration of a physiological condition present 
in all infants after birth. The jaundice is therefore hemolytic in type, and may 
remain latent or become visible. The reason for the hemolysis is that the child 
at birth has a polycythemia, an excessive number of red blood cells, because 
in utero it has been living in a condition of anoxemia or constant lack of oxygen. 
After birth the need for the polycythemia ceases, the excess red cells are d^ 
stroyed by hemolysis, an increased amount of bilirubin is produced, and there is 
jaundice either latent or clinical. 




Fig. 270.— Dissociation of liver cells in Fig. 271.— Spirochete in 

Weil’s disease. X 300. kidney in Weil’s disease. 

X 1350. 

Weil’s Disease. Spirochsetosis Icterohsemorrhagica. Weil’s disease is a 
very acute epidemic infection, characterized by marked jaundice, hemor- 
rhages from the mucous membranes, fever, enlargement of the spleen and 
nephritis. There is marked evidence of blood destruction, and blood and bile 
appear in the urine. The disease is caused by a specific spirochete (Spirochiete 
icterohsemorrhagisp). It occurs in troops on active service, and workers in 
mines sewers and abattoirs. The factors common to these occupations are 
dampness of the soil and close association with rats. 

The rat seems to act as a reservoir of infection, excreting great numbers of 
spirochetes in the urine. The spirochetes may penetrate the skin diicctly. 
Fleas may act as an intermediate host. A few cases have been caused by 
rat bites. There is also a canine form, caused by S. canicola, in which the 
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infection is rarely conveyed from the dog to man. The disease usually lasts 
about three weeks. During the first week the spirochetes are present in the 
blood. In the second week they disappear from the blood, but appear in the 
urine. 

In addition to cloudy swelling the liver may show small areas of focal ne- 
crosis, in which mitoses or amitotic division can be seen. Even more striking 
than mitoses is the presence of binucleated liver cells, as if amitotic division 
of the nucleus had occurred. In some cases there is a striking dissociation of 
liver cells, the columns being broken up and the cells separated from one 
another. (Fig. 270.) The renal tubules show degeneration or actual necrosis. 
There are degenerative changes in the muscle fibers, especially in the legs, 
and focal ischemic necrosis in the brain. The spirochetes, which often present 
a terminal hook like a shepherd’s crook (Fig. 271), lack the sharp spirals of the 
spirochete of syphilis. They are present in large numbers in the liver, kidney 
and adrenal, and in smaller numbers in other organs. If a guinea-pig is inocu- 
ated with blood during the first week or with urine during the second week 
it will develop the disease and will show hemorrhages in the lungs and enormous 
numbers of spirochetes in the liver and kidney. Some strains, however, are 
not pathogenic for guinea-pigs. The patient’s urine may also be examined 
directly for spirochetes by the dark-field method. Immune bodies are devel- 
oped in the blood, so that an agglutination test is of value for diagnosis. 

THE GALL-BLADDER 

The normal gall-bladder is 3 to 4 inches long, and its capacity is about 45 cc. 
The liver produces nearly a liter of bile a day, but only some of this reaches 
the duodenum. The rest is absorbed, or rather the watery part is absorbed, 
by the wall of the gall-bladder, so that the bile is greatly concentrated, it may 
be as much as 10 times. The inner surface of the gall-bladder appears to be 
designed for absorption. The entire surface is divided into a series of polyg- 
onal spaces by delicate walls of mucous membrane, which are best appreciated 
if the gall-bladder is examined under water by means of a magnifying glass 
or a binocular dissecting microscope. When this is done the transparent 
mucous folds, gossamer-like in delicacy, are seen to float up like the leaves of 
a w’ater plant in a clear pool. The Graham visualization test depends on the 
power of the gall-bladder to concentrate a dye (tetraiodophenolphthalein), 
which is excreted by the liver after being administered, passes into the gall- 
bladder, and is there concentrated sufiiciently to make the outline visible in 
a roentgen-ray picture. Loss of the concentrating power due to disease of 
the wall gives a negative test, and is apparently an early result of gall-bladder 
disease. 

The effect of the introduction into the duodenum of magnesium sulphate 
and many other substances, even water, is to excite a flow of bile from the 
biliary passages in the liver. It is unlikely, as was at one time supposed, that 
any real emptying of the gall-bladder is produced in this way. The gall-bladder 
can, however, be made to empty by giving a “fat” meal consisting of egg- 
yolk and cream (Boyden). During pregnancy this normal emptying docs not 
occur, at least in the experimental animal (Mann and Higgins). The inter- 
ference appears to be chemical rather than mechanical. When the uterus is 
emptied the normal response to the administration of fat returns. These 
observations suggest that part of the relationship of gall stones to pregnancy 
depends on the production of stasis. 

A peculiar feature of the gall-bladder, pointed out by McKibbin and 
McDonald, is that polymorphonuclear leucocytes are frequently present in 
one or more layers of the organ without any other evidence of inflammation. 
These cells are also present in the dog’s gall-bladder. They do not indicate 
inflammation, and appear to be metabolic in function. 

The efferent lymphatics of the gall-bladder drain into the cystic lymph gland, 
situated at the junction of the neck of the gall-bladder and the cystic duct. 
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When the gall-bladder is infected bacteria may be found in this gland (see 
below). The gall-bladder has a double nerve supply, partly cerebrospinal from 
the vagus, partly sympathetic from the ninth dorsal segment of the cord. 
The stomach has the same nerve supply, so that reflex gastric symptoms are a 
common result of gall-bladder disease. 

The muscle coat ceases abruptly at the neck of the gall-bladder, and the 
bile ducts (cystic and common) are fibro-elastic tubes with only a few isolated 
muscle fibers. There is an abundance of nerve fibers in the outer part of the 
wall of the ducts. From these facts it is evident that biliary colic is due to 
distention of the duct and not to muscular spasm, 

CHOLECYSTITIS 

Etiology.— The two possiV)le factors responsible for the production of 
cholecystitis or inflammation of the gall-bladder arc bacteria and the 
chemical irritation of retained bile. The bacteriology is mixed, the 
principal organisms found being B. coli and Streptococci (Williams 
and McLachlan, Magner and Hutcheson). Cultures of apparently 
normal gall-bladders not infrequently show similar bacteria derived 
from the liver. The acutely inflamed appendix contains enormous 
numbers of organisms, but the acutely inflamed gall-bladder may con- 
tain few or none. From these facts it is evident that whilst in some 
cases bacterial infection may be the chief causal factor, in others some 
non-bacterial irritant must be looked for. 

Occlusion of the cystic duct is probably the most important single 
factor in the production of acute cholecystitis (Andrews). The lumen 
of the duct is small, and its wall is thick and deeply pocketed with 
sinuses, so that a slight degree of inflammation will cause narrowing 
or closure of the duct. Calculi causing obstruction may be associated 
either with acute or chronic inflammation. The intensity of the ensuing 
inflammation depends on the composition of the imprisoned bile 
(Womack and Bricker). When the cystic duct is tied after the gall- 
bladder has been emptied and wash^ with saline, no inflammation 
develops. When the gall-bladder contains bile there is edema, round- 
cell infiltration ajid fibrosis. When the bile is replaced by a solution of 
dried bile double the concentration of that of normal bile, the wall 
undergoes complete necrosis, although when the cystic duct is open the 
changes are slight and transient. It is reasonable to suggest that in 
chronic as well as in acute cholecystitis the chemical factor is of great 
importance. This would serve to explain the extreme diffuseness of the 
lesions so different from the patchy focal lesions of chronic inflam- 
mation in other organs, and also the association of cholecystitis with 
gall stones which are an important cause of biliary obstruction. 

Acute Cholecystitis.— The wall of the gall-bladder is thickened, the 
serous surface is congested and covered by a fibrinous exudate, and the 
mucosa is bright red or purple. When obstruction of the cystic duct is 
complete the lumen is distended with what appears to be purulent 
fluid, so that the condition is known as empyevta of the gallbladder. 
This is often not a true empyema, for the “purulent” fluid is frequptly 
found to consist of an emulsion of cholesterol crystals. Microscopically 
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the most striking picture is a marked inflammatory edema, which is 
responsible for most of the thickening. Polymorphonuclears are rel- 
atively few in number in striking contrast to the abundant purulent 
exudate in acute appendicitis, suggesting a non-bacterial inflammation. 
Reference has already been made to the presence of polymorphonu- 
clear leucocytes in the uninflamed gall-bladder. In some cases the 
picture is that of an ordinary purulent inflammation, and in these the 
bacterial count in the bile is enormously increased. 

Chronic Cholecystitis.— Chronic cholecystitis may be the result of 
an acute attjick, but usually it is chronic from the outset and the 
symptoms develop gradually and insidiously. There is a low-grade 
inflammatory reaction commencing in the outer part of the wall and 

gradually spreading throughout the 
gall-bladder. The gross appearance 
varies considerably. The bluish 
color of the thin-walled normal gall- 
bladder is lost, and the surface may 
be opaque; it is sometimes yellow 
owing to an accumulation of sub- 
serous fat. The wall is thickened 
and fibrosed (Fig. 272), and the 
cavity may be of normal size, 
dilated or contracted. If there has 
been no obstruction at the neck of 
the gall-bladder, the cavity is likely 
to be small from contraction of the 
new fibrous tissue. Sometimes the 
gall-bladder is contracted upon one 
or two large stones, so that no room 
is left for any bile. Should obstruc- 
tion be present owing to inflammatory 
swelling, cicatricial contraction, or 
the impaction of a stone at the neck 
of the bladder, there will be dilata- 
tion of the cavity as well as thick- 
ening of the wall. If obstructiem 
becomes marked before the inflammatory changes have had time to 
cause thickening, the wall of the greatly dilated bladder may be 
quite thin. The cavity is filled with clear, colorless, watery fluid 
secreted by the lining epithelial cells, a condition known as 
hydrops of the gall-bladder. The bile pigment is absorbed, and no 
more can enter owing to the obstruction. The condition of the gall- 
bladder depends on the balance between infection and obstruction. 
In the milder cases the surgeon may have great difficulty in deciding 
at operation whether or not the gall-bladder is diseased and should 
be removed. The cystic gland at the neck of the gall-bladder is usually 
enlarged. 

When the gall-bladder is opened the appearance again varies. The 



Fig. 272. — Chronic cholecystitis. The 
Kail-bladder is dilated, its wall moder- 
ately thickened, the fundus contains a 
large calculus, and the lining shows 
reticulation. 
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color is usually not much changed, but it may be a deep red. With a 
hand lens or the dissecting microscope the thin folds of the normal 
mucosa are seen to be thick and swollen, but when the organ is markedly 
distended as in hydrops they may disappear completely. It is evident 
that the absorbing and concentrating power of the gall-bladder will be 
greatly impaired or lost, so that no shadow is seen with (jraham’s 
visualization test. The surface may be eroded by the pressure of cal- 
culi, but it is remarkable how intact the surface epithelium usuaHy 
is even in the worst-looking gall-bladders. As a result of contraction 
of the fibrous tissue the surface may become reticulated and scarred, 
so as to present an interlacing network of fine bands w^hich show 
through the atrophic mucosa with great distinctness. 

The microscopic appearance is one 
of chronic inflammation usually in- 
volving the entire organ. There arc 
definite groups of lymphocyte's, and 
occasionally large numbers of plasma 
cells and eosinophils, as well as a 
more diffuse infiltration. Single sec- 


Fig. 273. — Chronic cholecystitis. The , . , , 

wall is Kreatly thickened and groups of Fio. 274. Cholesterolosis of the gall- 
iiiflammatorv cells are scattered through bladder under the dissecting microscope, 
it. The muscle is largely replaced by fi- mucosa are loaded with 

brous tissue. X 40. lipoid. 

tions are of doubtful value, for serial sections show a high degree of 
patchiness of infiltration, which is often more marked on the hepatic 
than on the peritoneal surface. The folds of mucosa are thickened 
owing to edema. It must be remembered that the normal roueosa 
contains large numbers of round cells; these must not be mistaken 
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for an inflammatory infiltration. The epithelium is usually intact 
in well-fixed tissue. Postmortem material is useless as, immediately 
after death, the bile digests away the epithelial lining in both the 
normal and pathological gall-bladder. The same is true, though in 
a lesser degree, of gall-bladders removed at operation unless they are 
at once opened and placed in formalin. The very best results are 
obtained by distending with formalin the freshly removed and 
emptied gall-bladder. In the later stages there is an abundant forma- 
tion of granulation tissue which causes great thickening of the wall 
(Fig. 273), and is ultimately replaced by fibrous tissue, so that the gall- 
bladder is converted into an inert bag incapable of contraction. 



Fig. 275. — Cholesterolosis of the gall-bladder. There arc large masses of cholesterol 
in the mucosa and also in the deeper parts of the wall. A pedunc!ulated muss is almost 
separated from its attachment. (From Boyd’s Surgical Pathology.) 

Cholesterolosis of the Gall-bladder. —This is also known as the lipoid 
gall-bladder and the strawberry gall-bladder. The wall is usually a little 
thickened, but the most striking change is in the mucosa, over the sur- 
face of which are scattered little yellow flecks like the seeds of a 
strawberry. The condition is best seen with the hand lens or under the 
dissecting microscope, which gives a much better idea of the lesion than 
a microscopic section. (Fig. 274.) The normal delicate mucosal folds 
are seen to be loaded down by opaque yellow masses which first appear 
on the summit of the ridges. Uliese are deposits of cholesterol ester 
which can be studied in frozen sections stain^ with a fat stain (Schar- 
lach, osmic acid), or under crossed Nicol’s prisms where their aniso- 
tropic character is revealed. The lipoid is found at the base of the 
epithelial cells of the mucosa and in phagocytic histiocytes in the 






PLATE XIV 



Polypoid Mass of Cholesterol Ready to Separate. 

Eiiiiy case of stiawbeny gall-bladder. Stained with Scliailaeh R. 
{lioyd'a Surgical Pathology, courtesy of IF. B. Saunders Company.) 
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deeper part of the wall. A mass of lipoid in the mucosa may become 
pedunculated and is then readily detached, when it may act as the 
nucleus around which a gall stone may be formed. (Fig. 275 and 
Plate XIV.) 

Ihe explanation of the condition is not easy. Cholesterol seems to 
be absorbed by the gall-bladder mucosa, although Elman and Graham 
believe that it is excreted, and 
that the excretion is increased 
by inflammation. In the con- 
dition of cholesterolosis there is 
storage of cholesterol under the 
mucosa. Two etiological factors 
are probably at work. The first 
and most important is a disturb- 
ance of cholesterol metabolism, 
as a result of which the amount 
of cholesterol in the blood and 
bile is increased. The second is 
a mild degree of chronic inflam- 
mation. It is probable that the 
condition of cholesterolosis is 
not necessarily a permanent 
one, and that most if not all the 
cholesterol may finally disap- 
pear. There is no convincing 
evidence that these deposits can 
cause symptoms or that they 
arc of any clinical significance. 

Stasis Gall-bladder. — Westphal 
and other continental writers have 
pointed out that the entire extra- 
liepatic biliary tract may be re- 
garded as a physiological unit 
whose neuromuscular mechanism 
can be disturbed reflexly. This 
disturbance may cause gall-bladder 
symptoms even amounting to colic 
without inflammation and without 
stones. The effect on the gall-bladder is the production of stasis. There may 
be hypertonic stasis^ with a thick-walled muscular gall-bladder, dilatation of 
the common duct, and hypertrophy of the upper or duodenal part of the 
sphincter of Oddi ; this is caused by overactivity of the vagus. Or there may 
be hypotonic stasisj with a distended thin-walled gall-bladder, normal common 
duct, and poorly developed duodenal sphincter; this is caused by overactivity 
of the sympathetic, stimulation of which leads to relaxation of the gall-bladder. 

Cholecystitis Glandularis.— Sometimes, apparently as the result of chronic 
irritation, the epithelium lining the gall-bladder commences to proliferate 
and form gland-like spaces. This proliferation may take the form of a papil- 
lary projection, commonly called papilloma of the gall-bladder. In other cases 
the growth is into the depth of the wall and new glands are formed w^hich may 
penetrate the entire thickness of the wall and form a mass on the serous surface 
(Fig. 276 ). An apparent diverticulum or pocket may thus be formed, and its 
37 
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communication with the lumen of the ^all-bladder may or may not be apparent. 
These various appearances are merely an exagt^eration of the structures known 
variously as Luschka’s erj'^pts and Rokitansky- Aschoff sinuses, which Robertson 
and Ferguson point out arc merely diverticula of the gall-bladder, similar to 
the diverticula occurring in the colon and urinary bladder. They are jm)- 
trusions of the mucosa through the muscular coat, invaginations which are 
found in about half of all gall-bladders removed in persons over thirty years of 
age. 

GALL STONES 

Gall stones or biliary calculi are usually formed in the gall-bladder, 
but may be formed in the bile passages, especially those within the 
liver. They may be single or multiple; sometimes there are se\'eral 
hundred small stones. Inhere are three constituents, cholesterol, bili- 
rubin, and calcium. As the proportion of these varies, so do the calcaili 
vary in their gross appearance. Three main varieties may be recog- 
nized: (1) the pure cholesterol stone, (2) the pure pigment stone, 
and (3) the common infective or mixed stone. 

Etiology.— The etiology of gall stones is still unsettled. We are 
certainly powerless to prevent their formation. 'I'hree factors must 
play a part: infection, stasis, and high bile cholesterol. It does not 
follow that all three need be present in any given case. (1) Tnjedion, 
This is the principal factor. All the infective or mixed stones are 
associated with cholecystitis. The cholecystitis causes the calculi, 
not vice versa. Cholesterol is held in solution in the bile in a series of 
loose chemical complexes with bile salts. These may easily be broken 
up, e. g., by dialysis. When the bile salts are removed the cholesterol 
is precipitated. There is no differential abs()ri)tion of cholesterol and 
bile salts by the normal gall-bladder. The infected gall-bladder, on the 
other hand, absorbs bile salts rapidly but cholesterol very slowly, so 
that the latter tends to be precipitated. Fatty acids in the bile are 
even more effective than bile salts in keeping c*hoIesterol in solution. 
This may explain the rarity of gall stones in the dog and sheep, who 
have a high fatty acid content in bile, and the high incidence in man, 
who has a low fatty acid content. When a nucleus of cholesterol is es- 
tablished bilirubin is laid down around it to form a mixed stone. 
There is a general impression that typhoid fever, in which the bacilli 
always lodge in the gall-bladder, is especially associated with calculus 
formation. (2) Stasis probably plays a part. The fact that in preg- 
nancy the gall-bladder does not empty in response to a fat meal has 
already been referred to. Gall stones are much commoner in women 
(3 or 4 to 1), especially in those who have borne children. Patients with 
gall stones are often “fat, female, and forty.” (3) High bile cholesterol, 
associated in turn with high blood cholesterol, is a possible factor, 
although the hypercholesterolemia may have disappeared by the time 
symptoms have begun to manifest themselves. The blood cholesterol 
is high in pregnancy and typhoid fever. Deposits of cholesterol in 
the mucosa may become pedunculated, detached, and form the starting- 
point of calculi. 
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Pure Cholesterol Stone.— This is also called the 7netaholic stone, 
because it is essentially due to a disturbance of cholesterol metabolism. 
It is large, oval, white, usually single, of light weight, and the cut 
surface shows a characteristic radiate structure and glistening crystals 
of cholesterol. 'J"he factors w'hich favor its formation are high bile 
(cholesterol and stasis in the gall-bladder. It is a silent stone and 
usually causes no symptoms. There is no change in the gross appear- 
ance of the gall-bladder. The stone may become impacted in the neck 
of the gall-bladder and lead to a condition of hydrops. Sometimes 
the impaction is followed by infection. Should the stone now roll back 
into the gall-bladder and allow bile to enter, bilirubin calcium is 
deposited on the surface and a combination stone is formed. 

Pure Pigment Stone.— These stones arc multii)le, very small, black in 
color, friable, and consist of bilirubin. They contain no cholesterol. 
They are often present in hemolytic jaundice, but are not confined to 
that (condition. Like the prex ious stone they appear to be metabolic 
in origin. When very small and numerous they constitute biliary 
gravel. 

Infective or Mixed Stones.— This is the common variety, composed 
of cholesterol, bilirubin, and calcium. The pigment and cholesterol 
ar(» laid doxxn in alternate layers, so 
that the cut surface presents a concen- 
tric arrangement of lamime. The gen- 
cTal color is yellow or brown, and the 
stones are facetted and polished unless 
there is only one. (Fig. 277.) There 
may be two or three families of stones, 
all the members of each family being 
about the same size and probably starting 
life at the same time. In the center there 
is usually a nucleus of mucus and cellular 
debris, and if the crystalline material is 
dissolved out by chloroform a protein 
frame work of concentric laminae is left, 
indicating that these stones are formed 

. • n • A : Fig. 277. — Infective gall stones, 

in inflammatory medium rich in protein ipj^^ facetted stones are very uni- 

and therefore deserve to be called in- form in size. 

fective. 

The effect on the gaUrbloMer varies with the kind of stone, for the 
changes are due to inflammation. The metabolic stones (cholesterol 
and pigment) are likely to be associated with a gall-bl^der which 
appears normal unless the stone causes obstruction. ^ Ihe i^ective 
stone is associated with cholecystitis, so that the wall will be thickened 
and the lumen usually contracted, but dilated if impaction has occurred 
early. (Fig. 278.) Stone in the common duct is seldom associated 
with dilatation (see below). The pressure of a stone may produce 
ulceration so that a deep pocket is formed. This may perforate the 



580 


THE LIVER AND GALL-BLADDER 


wall, and the stone escapes into the peritoneal cavity or into a cavity 
walled off by adhesions. If the gall-bladder becomes adherent to the 
bowel the stone may perforate into the transverse colon or into the 
ileum. 



Fig. 278. — Facetted calculi in gall-bladder with moderately thickened waU. 


The Relation of Symptoms to Lesions.— Cholecystitis and calculi will be 
considered together. In ocu^c cholecystitis the severe pain and tenderness 
over the gall-bladder are explained by the acute inflammatory swelling and 
tension of the wall. The patient will have general symptoms of septic infection 
(fever, leucocytosis, etc.). There may be some jaundice owing to spread of 
the inflammation to the common bile duct with obstruction. Biliary colic 
is due to the passage of a small stone along the cystic and common bile ducts, 
causing distention of these passages. There is probably no spasm owing to 
the absence of muscle fibers. Colic is not a certain proof of a stone, for the 
passage of masses of pus or mucus may also produce colic. The mere presence 
of stones in the gall-bladder may or may not be associated with symptoms. 
Stones are often found at postmortem when the patient had no symptoms to 
suggest gall-bladder disease. When symptoms do occur, they are due to the 
associated cholecystitis. The metabolic pure cholesterol stone is silent. 

The symptoms of chronic cholecystitis are for the most part referable to 
the stomach, i. c., dyspepsia, nausea, belching of gas, and a feeling of fulness 
and bloating. These symptoms are aggravated by fatty foods. It will be 
remembered that food containing much fat causes the gall-bladder to contract 
and empty itself, and if the wall is inflamed this may cause discomfort. The 
stomach suffers because it has the same double nerve supply (vagus and sym- 
pathetic from the ninth dorsal segment) as the gall-bladder, and appears to 
be a specially sensitive and, as it were, sympathizing organ. The inflammation 
is most marked in the outer part of the gall-bladder wall, so that the nerve 
endings are irritated. Irritation of the vagal nerve endings tends to be re- 
flected to the stomach and to cause hyperchlorhydria and regurgitation. 
When the inflammation is more severe the sensory stimulus is greater, passing 
up the sympathetic to the ninth dorsal segment and then down to the stomach, 
where it causes pylorospasm and gastric discomfort, as the sympathetic is 
the motor nerve to the pyloric sphincter. 
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It seems improbable that cholesterolosis of the gall-bladder can of itself give 
rise to symptoms. The condition is not infrequently found at autopsy in 
persons who have never had any symptoms of gall-bladder disease. 

OBSTRUCTION OF THE BILIARY PASSAGES 

The biliary passages may be obstructed in different ways and at 
different levels. The effect on the biliary passages varies with these 
differences. Courooisier^s law, now nearly a hundred years old, states 
that in jaundice due to pressure on the common bile duct from without, 
as by cancer of the head of the 
pancreas, the gall-bladder is 
greatly distended, while in jaun- 
dice due to impaction of a stone 
in the common duct the gall- 
bladder is not distended to such 
an extent that it can be detected 
clinically. This is a useful work- 
ing rule which still holds good. 

The reason is that in obstruction 
due to stone there is already a 
cholecystitis, the wall of the gall- 
bladder is thickened, so that it 
cannot be greatly distended; in- 
deed it may be considerably con- 
tracted. It is important to re- 
member that many stones may 
be lodged in the common duct; 

I have seen as many as 25 in one 
case, the gall-bladder containing 
23 more. 

The site of the obstruction has 
an influence on the contents of 
the dilated ducts. (1) If the ob- 
struction is in the common duct (the usual site) the biliary passages 
are still in free communication with the gall-bladder, which concen- 
trates the bile retained in the passages so that it becomes thick and 
dark. (2) If the obstruction is above the entrance of the cystic duct 
this concentrating mechanism can no longer operate, the bilirubin is 
absorbed, and the epithelial cells lining the hepatic ducts secrete a 
clear watery fluid, the so-called white bile, which fills and distends 
the biliary passages. It is evident that this fluid is not bile at all. 
If the wall of the gall-bladder is degraded by disease so that it loses 
its concentrating power, an obstruction in the common duct will 
produce the same effect as if it was above the entrance of the cystic 
duct, and the entire biliary tract, including the gall-bladder, will 
become filled with ^Svhite bile.” (3) If the cystic duct is blocked by 
an impacted calculus or a tumor, the bile in the isolated gall-bladder 
is first absorbed, and is then replaced by clear fluid secreted by the 



Fig. 279. — Thick secretion of mucus in 
gall-bladder with obstructed cystic duct. 
X 86. 
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lining epithelium. This Hu id is much more mucoid than that secreted 
by the lining of the hepatic ducts, and the condition is called vivcocelc 
or hydrops of the gall-bladder. (Fig. 279.) 

CARCINOMA OF THE GALL-BLADDER 

Cancer of the gall-bladder is a relatively common condition. This 
is not surprising when it is recalled that derivatives of cholic acid are 
amongst the most powerful of the chemical carcinogens. It bears 
a close relationship to the presence of gall stones, so that the disease 
is four or five times commoner in women than in men. It thus offers a 
striking exception to the general rule that cancer of the digestive tract 
is much more common in the male sex. 



Fia. 280. — Papillary carcinoma at neck of gall-bladder. 


The usual sites are the fundus and the neck of the gall-bladder. 
It takes an infiltrating form, causing great thickening of the wall, but 
sometimes there is a large soft papillomatous mass which projects 
into the cavity of the organ. (Fig. 280.) Microscopically the struc- 
ture is that of an adenocarcinoma, but in rare cases it may be that of 
an epidermoid carcinoma, owing to metaplasia of the columnar into 
squamous-cell epithelium from the chronic irritation which precedes 
the development of the tumor. The liver is invaded early, and jaundice 
is a constant symptom. 

Carcinoma of the bile ducts usually grows at the lower end of the 
common duct, where it forms a small, hard, white mass readily mistaken 
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for an impacted calculus. It is a rather rare condition, and is usually 
adenocarcinomatous in structure. 

Liver Death. — It sometimes happens that cholecystectomy, operations on the 
bile ducts, or traumatic injury to the liver, is followed after a latent interval 
by sudden and extreme hyperpyrexia ending in death. These cases may be 
divided into two groups; in the first hyperpyrexia develops in twenty-four to 
forty-eight hours, and the only lesion is degeneration (sometimes necrosis) 
of the liver cells; in the second the symptoms do not develop for four to five 
days, the clinical picture is one of renal failure and uremia, and theret are 
marked degenerative changes in the kidneys as well as the liver. In both 
groups death is too late for shock, and there is no sign of infection at autopsy. 
Boyce and McFctridge have reproduced the syndrome in rabbits by first 
obstructing the biliary tree and then suddenly releasing the obstruction, and 
also by producing subcapsular trauma to the liver. They suggest that sudden 
death with hyperpyrexia and what may be called the hepatorenal syndrome 
are successive stages of the same pathological process. It may be that the 
liver is damaged to some degree in biliary tract disease and its detoxifying 
power interfered with. The various injurious factors inseparable from an 
abdominal operation and the sudden release of obstruction may intensify this 
damage, as a result of which the circulation is flooded with toxins, some of 
which may be due to direct damage to liver tissue. These toxins, when not 
powerful enough to produce early death, may injure the renal epithelium and 
cause death from renal failure. 
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CHAPTER XXII 
THE PANCREAS 


The pancreas is in reality a double organ. It is an acinar digestive 
gland secreting the most powerful of all the digestive juices. For 
this reason postmortem changes occur very quickly, and the finer 
forms of investigation, such as an examination of the islet tissue for 
the specific A and B granules, should be carried out as soon after 
death as possible. It is also one of the endocrine glands, for the islets 
of Langerhans form one of the chief regulators of carbohydrate metab- 
olism. The pathology of the pancreas therefore assumes a twofold 
aspect. 

PANCREATITIS 

Acute Hemorrhagic Pancreatitis. — This is really a pancreatic necrosis 
to which hemorrhage may or may not be added. A preferable name 
would therefore be acute pancreatic necrosis. This is one of the acute 
abdominal catastrophes. The pain comes on suddenly, after a large 
meal, and is even more agonizing than that of perforated gastric ulcer. 
The patient lies perfectly motionless, not tossing about as in renal or 
biliary colic, passes into a condition of shock, and shows a peculiar and 
characteristic slaty-blue cyanosis. There is marked increase in the 
serum amylase. 

Etiology.— The cause of the condition is a matter of perennial dispute. 
The acute necrosis is due to the action of the pancreatic enzymes 
liberated from the ducts. The problem is to explain how they escape. 
The usual view is that it is due to the passage of infected bile along 
the pancreatic duct; this activates the tr>q)sinogen in the pancreas and 
converts it into trypsin, which proceeds to digest the pancreas. More 
than one-half the cases are associated with cholecystitis or calculi. 
Opic originally pointed out that if the common bile duct and pancreatic 
duct open into a common chamber (as occurs in 70 per cent of persons), 
impaction of a calculus at the ampulla of Vater will cause the bile to 
How into the pancreas. This is a possible but very uncommon cause. 
Archibald has shown that in the cat spasm of the muscle of Oddi at 
the ampulla of Vater is followed by a flow of bile into the pancreas, 
and such spasm may be produced by pressure on the gall-bladder or 
by painting the ampulla with weak hydrochloric acid. This is a prob- 
able cause in many cases. The matter cannot be regarded as settled, 
for Mann has pointed out that in the human subject the sphincter is 
usually not placed distal to the entry of both ducts, but proximal to 
the termination of the bile duct, and he suggests that here clinical 
imagination has preceded the demonstrated facts. 

( 585 ) 
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Rich and Duff have suggested a different explanation. They found 
that in both human and experimental hemorrhagic pancreatitis the 
constant and specific lesion was rapid necrosis of the walls of the 
arteries and veins, hemorrhage being due to rupture of the necrotic 
walls. Moreover, they found that the pancreatic juice was able to 
produce necrosis without activation of the trypsinogen by intestinal 
contents or bile. They believe that the mechanism involved is rupture 
of dilated thinned-out acini behind an obstructed duct, this rupture 
being liable to occur from increased pressure in the ducts due to 
marked secretion after a large meal. The main duct may be obstructed 
by a gall stone at the ampulla, but they found that the obstruction 
was usually in one of the smaller branches, being caused by squamous 
metaplasia and piling up of the lining epithelium. This lesion was 
present in over half the cases of hemorrhagic pancreatitis. The prob- 
able truth is that all of the factors outlined above may at times be 
responsible for producing the condition. 

The cause of death is probabl\' the 
poisonous split-protein prod u c t s 
formed as the result of partial diges- 
tion of the pancreatic tissue. 'These 
products are absorbed very quicklv', 
and this, together with the profound 
degree of shock, perhaps accounts 
for the extraordinarily rapid termi- 
nation of many of the cases. 

Lesions.— The pancreas is swollen, 
soft, and dark in color. It may be 
red from hemorrhage or black and 
gangrenous. Hemorrhage is an acci- 
dental occurrence, which may or 
may not be present. Sometimes it 
dominates the picture. A pancreas 
may appear normal to the naked eye 
and yet may show the characteristic 
necrosis microscopically. The marked 
Fig. 281. — Fat necrosis of pancreas. swelling is probably responsible for 

much of the severe pain. Small 
necrotic areas may be replaced by fibrous tissue. Larger areas may 
be infected and form abscesses. The greater part of the pancreas 
may be destroyed. The peritoneal cavity contains a characteristic? 
fluid, dirty, fatty, and beef-juice in appearance. The microscopic 
appearance is one of great necrosis of the acinar tissue, so that in the 
advanced cases no structure can be made out. A varying degree of 
hemorrhage takes place into this necrotic tissue. 

Fat necrosis is often seen in acute pancreatitis and is pathognomonic 
of that condition when encountered at operation. Small, dull, opaque 
white areas are scattered over the surface of the pancreas and the 
surrounding omentum and mesentery. (Fig. 281.) These represent 
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areas of fat which have been broken down by the lipase in the liber- 
ated pancreatic juice. Glycerol and fatty acids are formed; the 
jrlycerol is absorbed, and the fatty acids are deposited in the cell as 
acicular crystals. The areas tend to be absorbed in the course of a 
few weeks, but the fatty acids may unite with calcium, so that some 
of the patches may become calcified. Microscopically the necrosed 
cells have an opaque appearance, in comparison with the clear cells 
of normal fat which is all dissolved out by the chloroform or oxylol 
used for clearing the tissue. One part of a fat globule may show this 
opaque appearance while the rest of it is clear. (Fig. 17, page 52.) 
The necrotic area is usually surroimded by a zone of leucocytes. 

Chronic Pancreatitis. — In this condition the pancreas is hard and sclerotic, 
and there is marked atrophy of the parenchyma and increase of the fibrous 
stroma. The most probable cause is the repeated entry of mildly infected bile 
jnto the pancreatic duct, but of this it is impossible to be certain. As the 
islets of Langerhans do not belong to the acinar system they are usually spared, 
but if the sclerosis is severe the islets are injured, and diabetes is then present. 
On account of the hardness the condition is easily mistaken by the surgeon 
for carcinoma of the head of the pancreas. 


DIABETES MELUTUS 

Etiology. — ^'he cause of diabetes is unknown. The disease usually 
begins after middle life, but is more severe in the young. Obesity 
seems to be a predisposing factor. The essence of the condition 
appears to be a disturbance of the normal balance of the factors 
regulating carbohydrate metabolism. In this regulation the liver plays 
the most important part, but the hormonal output of the pancreas, 
})ituitary and adrenals are also essential. In all cases of diabetes there 
is an insufficiency of insulin in relation to the needs of the organism, 
but the actual secretion may be normal or increased. In other words, 
it is not necessarily a disease of the pancreas. In one of my cases not 
only were the islets apparently normal, but there was also an adenoma 
of the islets. The pituitary, thyroid and adrenals have an action 
antagonistic to that of the pancreas. 

Excision of the pituitary relieves the experimental diabetes pro- 
duced by removal of the pancreas (Iloussay). Conversely it has been 
shown that permanent diabetes can be caused by repeated injections 
of extract of the anterior pituitary (Young), perhaps due to initial 
stimulation and subsequent exhaustion of the islets. In the early 
stages there is disappearance of the granules in the Beta cells, hydropic 
degeneration of these cells, and marked cellular proliferation as indi- 
cated by numerous mitoses. The later changes are hyalinization with 
final complete disappearance of the islets. Similar exhaustive changes 
are seen in experimental diabetes produced by excision of nine-tenths 
of the pancreas followed by a carbohydrate diet. In the remaining 
portion of the pancreas the exhausted Beta cells show loss of the 
specific granules and marked hydropic degeneration (Fig. 282) ; finally 
they rupture or degenerate and disappear. 
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Selective necrosis of the islets can be produced by the intravenous 
injection of alloxan, one of the components of uric acid (Shaw and 
Dunn). There is complete necrosis of the islet tissue although the 
acinar cells are unaffected. The alloxan diabetes which results is 
characterized by a marked and fatal hypoglycemia, which is preceded 
by a puzzling transient hyperglycemia. There are thus three ways of 
producing diabetes experimentally: (1) by pancreatectomy, (2) by 
injection of anterior pituitary extract, (3) by injection of alloxan. 



Fig. 282. — Islet of Langerhans in experimental diabetes showinR extreme bydropi*- 

defi'eneration of the Beta cells. X 500. (From a preparation by Dr. D. .1. Bowie.) 

Ssrmptoms.— Glycosuria is the chief symptom of diabetes (mellituSj sweetened 
with honey), associated with polyuria {diabetes, a syphon or running through), 
excessive thirst and hunger, and marked loss of weight. Another group of 
symptoms due to incomplete combustion of fats are manifestations of acidosis, 
e. air hunger, coma, ketone bodies in the urine, and lipernia. Pruritus, 
carotinemia, gall stones, arteriosclerosis, and gangrene of the extremities may 
occur. 

Lesions.— Although the patient may have died of diabetes, the 
pancreas generally appears normal to the naked eye, because the acinar 
tissue is unaffected. The microscopic appearance is usually disappoint- 
ing. The islets are often greatly diminished in number, but they may 
appear to be normally abundant. Indeed in some cases they may be 
hypertrophied. With ordinary technic they may seem to be healthy, 
but if the autopsy is performed within an hour after death and the 
tissue is fixed in Zenker’s solution to prevent shrinkage it may be pos- 
sible to detect hydropic degeneration. Disappearance of the granules 
in the Beta cells is a basic lesion, but one which it is very difficult to 
demonstrate, as the technic demands special fixatives, special stains 
and very fresh tissue. 

In human diabetes it is seldom possible to demonstrate the lesions 
seen in the experimental animal. For one thing, the material is seklom 
sufficiently fresh. Moreover many diabetics do not die of diabetes, 
but of arteriosclerosis, gangrene, etc. In such patients the islets 
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are no longer under strain. ^ They may, indeed, have undergone re- 
generation. In death from diabetic coma there is much greater chance 
of finding hydropic cells. Hyaline degeneration of the islets is often 
seen (Fig. 2^), but it is also common in persons over middle age, i. e., 
the diabetic period. Finally it must be remembered that diabetes is 
the result of a disturbance of the normal balance of the factors regu- 
lating carbohydrate metabolism, and that in some cases the pancreas 
may not be the chief offender. 

Changes in otl^r organs may occur. In the kidney there may be 
two characteristic changes. The first is the presence of large amounts 
of glycogen in the renal tubules, giving the cells a characteristic clear 
transparent appearance. (Fig. 284.) The chief deposits are in the cells 



Fii;. *2S3. — Pancreas in diabetes. The 
islet of Langcrhaiis shows an extreme 
degree of hyaline degeneration. X 325. 



Fig. 284.— The kidney in diabetes. 
Tlic clear cells of the loop of Henle are 
filled with glycogen. X 200. 


of the loop of Henle. (Plate XV.) The change has become much less 
marked since the introductit^n of insulin, and in many cases no glycogen 
can be found. The other renal change is intercayillary glomerulo^ 
sclerosis, which is the most reliable criterion for the postmortem diag- 
nosis of diabetes and is described on page 630. 

Lipemia may be marked. When the blood fat is high the plasma may 
be milky. In exceptional cases there is a remarkable lipoid storage in 
the cells of the reticulo-endothelial system. The cells become swollen 
with lipoid which may take the form of globules. These large ''foam 
cells” are seen in the spleen and liver (Kupffer cells). The lipoid is 
usually cholesterol ester. There may be yellow patches in the aorta 
and yellow nodules in the skin (xanthoma diabeticum), which are 
deposits of the same material. The yellow color of the skin (xanthosis) 
sometimes seen in diabetics is not due to lipemia but to carotin, a 
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pigment contained in carrots and other vegetables. There is a caro- 
tinemia, and the serum is bright yellow. The coloration of the skin 
is best seen in the nasolabial folds and on the palms of the hands and 
soles of the feet. 

Arteriosclerods is common in elderly diabetics. Great narrowing 
of the pancreatic artery may aggravate the disease by cutting down the 
supply of blood to the islets. The vessels of the limbs are narrowed 
and calcified, so that dry gangrene is common in the legs of elderly 
patients. The large amount of sugar in the tissues probably lowers 
their resistance and favors bacterial infection. Narrowing of the 
coronary arteries often leads to severe myocardial degeneration. The 
renal arteries and kidneys may be affected. Old diabetics more often 
die nowadays from the results of the arteriosclerosis than from the 
diabetes. 

Cystic Fibrosis. — The condition originally known as cystic fibrosis of the 
pancreas (Anderson) is now recognized to be a systemic disease of childhood 
with a variety of clinical appearances, the occurrence of which depends on 
the time at which the lesions occur and on which organs arc affected (Farber). 
The most striking lesions occur in the pancreas. Usually that organ is firmer 
and thinner than normal, but it may show no gross change or may be nodular. 
The acinar tissue is atrophied and replaced by fibrous tissue. The small and 
large ducts are dilated and filled with homogeneous eosinophilic material like 
inspissated secretion, and the acini may contain similar material. The mucous 
glands of the trachea and bronchi are also filled with inspissated material, 
and a similar condition prevails in the salivary glands, duodenum, jejunum, 
and gaU-bladder. The dilatation of the pancreatic ducts may lead to cyst 
formation. The obstructive lesions of the pancreas may result in two quite 
dissimilar pictures in infancy and childhood, depending on the time of onset 
of the lesions. If pancreatic achylia occurs during the latter part of intra- 
uterine life the result is an inspissated meconium which may cause intestinal 
obstruction shortly after birth (meconium ileus). If the achylia does not 
develop ^r a few weeks after birth the clinical picture is one of severe nutritional 
deficiency closely resembling celiac di.scase. Respiratory sym]:)toms may 
dominate the picture; these are due to obstruction of the bronchi and 
bronchioles by thick tenacious mucus, which eventually leads to bronchiectasis. 
'A marked degree of squamous metaplasia may be assciciated with the 
bronchiectasis, but the relationship of one to the other is obscure. 

In one of my cases, a boy seventeen years of age in whom this metaplasia 
reached an extreme degree, there was marked coarsely nodular cirrhosis of the 
liver. In this case the acinar tissue of the pancreas was entirely replaced not 
by fibrous tissue but by fat. Some of the symptoms seem to be due to defect! ve 
absorption of vitamin A, but it is a mistake to attribute the fundamental 
lesions to a congenital deficiency of this vitamin. Farber points out that the 
widespread involvement of mucus-secreting structures suggests a possible 
deficiency of the mucinase required for the maintenance of mucus in a normal 
physical state, a deficiency which may be due to autonomic imbalance in the 
nervous control of secretion in the pancreas and in mucous glands. 

Other Pancreatic Cysts. —These may he congenital cysts, cystadenomas, or 
pseudocysts. Congenital cysts are rare, and are part of congenital (jystic 
disease involving the kidneys and sometimes the liver. Cystadenomas are 
rare tumors which may be benign or malignant. Pseudocysts are the common 
variety, but they are not true cysts of the pancreas and have no epithelial 
lining. They are usually situated in front of the pancreas in the lesser sac 
of peritoneum. They may attain a large size. The cyst is preceded by some 
injury to the pancreas, either trauma or acute hemorrhagic pancreatitis, as a 
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result of which the pancreatic secretion escapes into the lesser sac, and as the 
foramen of Winslow becomes sealed a cyst develops. The fluid may be clear 
and serous, or yellow or brown from hemorrhage. The fluid may contain 
pancreatic ferments, but their absence does not mean that the cyst is not of 
this nature, for they often disappear. 

CALCULI OF THE PANCREAS 

These small stones in the pancreatic duct are rare. They consist of calcium 
and phosphate. They may cause obstruction or bacterial infection. 

TUMORS OF THE PANCREAS 

Carcinoma.— This is the only common tumor of the pancreas. Like 
either cancers of the digestive tract, it is much commoner in men 
tlnin in women. At least 70 per cent of the cases occur in the head 
fif the pancreas. (Fig. 285.) This part of the gland is enlarged and 



Fig. 2S5. — Carcinoma of tlie head of the pancreas causing marked displacement of the 
second part of the duodenum. 


remarkably hard. The hardness may simulate chronic pancreatitis, 
and the surgeon may find it difficult or even impossible to distinguish 
between the two conditions at an exploratory laparotomy. Micro- 
sropicalli/ the tumor may arise from the ducts or the acini. The duct 
tumor, which is far the commoner, is an adenocarcinoma; the columnar 
cells have clearly defined margins, a vesicular nucleus and a distinct 
nucleolus. In the acinar cell type there are lobular masses of poly- 
hedral or rounded cells, with poorly defined cell margins, large hyper- 
chromatic nuclei, and no visible nucleoli. Secondary growths occur 
in the regional lymph nodes and liver. The symptoms depend on the 
location of the tumor. In cancer of the head of the pancreas the chief 
symptom is persistent and increasing jaundice, due to pressure on the 
opening of the common bile duct. The bladder is dilated and thin- 
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walled in accordance with Courvoisier’s law. In cancer of the body 
and tail spread is a more striking feature, and this influences the symp- 
toms (Duff). Deep-seated gnawing pain is due to spread along the 
perineural lymphatics, ascites is caused by implantation growths on 
the peritoneiun or involvement of the portal vein, and distant metas- 
tases are more common than in cancer of the head. 

Secondary carcinoma is not common in the pancreas. There may be invasion 
from the stomach, gall-bladder or bile duct. In rare cases there may be 
metastases from hypernephroma and other tumors. 

Adenoma , — These tumors are rarely seen, but Warren suggests that this is 
because they are so small that they are overlooked at autopsy. They are 
composed of acinar tissue and are definitely encapsulated. 

Tumors of the Islets of Langerhans.— This is an uncommon but 
very interesting group. The tumor is usually innocent (adenoma), 
but cases of carcinoma have been reported. In several cases the 
adenoma has been successfully removed at operation, and its nature 
has been proved by the demonstration of the specific granules of islet 
tissue and by the recovery of insulin from the tumor mass. A simple 
way to distinguish between tumor cells and acinar cells is to stain the 
zymogen granules of the latter; this is much easier than to stain the 
specific granules of the islet cells. It has been suggested that these 
lesions are in the nature of heterotopia rather than adenoma; this 
would serve to explain the occasional presence of duct-like structures, 
absence of encapsulation and apparently invasive growth (Holmes 
et al,). Sometimes there is a diffuse hypertrophy of the islet tissue 
throughout the pancreas rather than a localized adenoma. These 
cases naturally do not lend themselves to operation. The symptoms 
are those of hyperinsulinism or insulin shock with marked hypo- 
glycemia due to overactivity of the islet tissue and overproduction of 
insulin. There may be attacks of faintness and unconsciousness when 
the interval after a meal is too long, and these can be averted by taking 
sugar. The condition is therefore the reverse of diabetes. 

OBSTRUCTION OF THE PANCREATIC DUCT 

Obstruction may be caused by cancer of the head of the pancreas, 
a gall stone impacted at the ampulla of Vater, a pancreatic calculus, 
or cicatricial contraction. The ducts become irregularly dilated, the 
acini atrophy and disappear and are replaced by fibrous tissue. The 
islets of Langerhans are unaffected, and as the pancreas shrinks in 
bulk, these structures appear to be more numerous and stand out 
with great distinctness. It was by producing experimental obstruc- 
tion of the pancreatic duct by means of ligature that Banting and Best 
first succeeded in freeing the islet tissue from the trypsinogen-produc- 
ing acini and were thus enabled to extract insulin. Carcinoma of the 
head of the pancreas may occasionally produce exactly the same effect. 
(Fig. 286.) 
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HEMOCHROMATOSIS (BRONZED DIABETES) 

This rare condition has already been considered in Chapter II. It is a dis- 
order of iron metabolism characterized by the most extreme hemosiderosis. 
The pancreas is of a rich brown color. Both the acinar tissue and the islets are 
loaded with granules of hemosiderin, so that they give an intense Prussian 
blue reaction. A slow process of necrosis occurs in the damaged cells, and 
l^adually they atrophy, disappear, and are replaced by fibrous tissue. As the 
islets are destroyed as well as the acinar tissue, diabetes develops. 



Fia. 2S6. — Almost complete disappearance of acini due to obstruction of the pancreatic 
duct. The islets remain intact. X 150. 


OTHER LESIONS OF THE PANCREAS 


Tuberculosis. — This is a rare condition. Even in general miliary tuberculosis 
the pancreas seldom shows tubercles. A primary lesion is almost unknown, 
and spread from a neighboring focus (lymph node, etc.) is almost equally 
rare. 

Syphilis. — In congenital syphilis the pancreas often contains large numbers 
of spirochetes. The acini are poorly developed, their place being taken by 
cellular connective tissue. Acquired syphilis is uncommon and usually takes 
the form of a diffuse fibrosis. A gumma of the pancreas is extremely rare. 

Lipomatosis. — This is merely a local manifestation of obesity. Tjarge fat 
cells occupy the interstitial tissue, and if the lipomatosis is extreme it may 
cause some atrophy of the acinar tissue. 

Congenital Anomalies. — Malformations of various kinds may occur. The 
best defined of these is the condition known as annular or ring pancreas, in 
which the head of the pancreas surrounds the second part of the duodenum 
and may cause some constriction. Of more importance is heterotopia of the 
pancreaSy a condition in which accessory pancreatic tissue is found in the 
pyloric end of the stomach, the duodenum, and more rarely in the ileum and 
even the mesentery. 
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CHAPTER XXIII 

THE PERITONEUM AND ABDOMINAL WALL 

THE PEMTONEUM 

ACUTE PERITONITIS 

Etiology. — Acute inflammation of the peritoneum is the result of 
bacterial infection, although a local reaction may be caused by such 
aseptic irritants as a strip of gauze or a drainage tube, and a more 
general reaction by hemorrhage or the escape of fluid from a cyst. 
The common bacteria found arc Bacillus coli and streptococci; less 
frequent are staphylococcus, pneumococcus, gonococcus, Bacillus 
pyocyaneus, Bac;illiis t;)'phosus, and certain anaerobic bacilli. The 
most acute and diffuse cases are those due to streptococci. 

The infection may reach the peritoneum in three ways. (1) Frmn 
an abdominal organ. This is much the commonest way, and the usual 
source is the gastro-intestinal canal. Appendicitis easily heads the 
list, followed by gastric, typhoid, and dysentery ulcers, ulcerating 
c;arcinoma, etc. When the bowel becomes strangulated (hernia, etc.) 
or when it is gangrenous from infarction, peritonitis quickly develops. 
When the infection comes from the hollow viscera there may either 
be perforation with an outpouring of intestinal contents (ruptured 
appendix, perforated gastric ulcer), or the bacteria may pass through 
the intact but inflamed wall of the bowel. It is evident that in the 
former case the resulting peritonitis is more likely to be widespread 
and overwhelming. The female pelvic organs form a second impor- 
tant group, of whi(?h the principal members are puerperal sepsis, which 
is nearly always streptococcal, and gonococcal infection of the Fallopian 
tubes, which usually causes a local inflammation limited by adhesions. 
Other occasional sources of infection are acute cholecystitis, hcmor- 
hagic pancreatitis, abscess of the liver, etc. (2) From the exterior. 
This may be due to an accident, or may occur in the course of a surgical 
operation. (3) Ilcmatogcncms infection is very rare; it is seen in the 
secondary form of pneumococcal peritonitis. 

Morbid Anatomy.— Peritonitis is at first a local condition. It may 
remain local or may become diffuse. At first the membrane merely 
appears pink and injected. Then the normal sheen is lost and replaced 
by a frosted appearance, due to the formation of a layer of fibrin on the 
surface. Finally the coils of bowel are glued together by a sticky 
exudate. Meanwhile a fluid exudate is being formed, and collects 
especially between the adherent coils of bowel. At first it is serous, 
but soon it becomes purulent. A thick creamy exudate is a better 
sign than a thin seropurulent one, which always suggests severe 

( 505 ) 
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streptococcal infection with low resistance and a bad prognosis. 
Hemorrhagic fluid is seen in infarction of the bowel, strangulations, 
etc. The microscopic appearance is that of an inflamed serous mem- 
brane. The chief element of the exudate in the early stages is fibrin, 
but if the condition becomes purulent there may be a thick layer 
of polymorphonuclear leucocytes together with a variable number of 
red blood cells. The surface endothelium may be desquamated, but 
even in severe cases it sometimes remains intact under the exudate. 

Spread.— Spread may occitr over the surface or ma the lymphatics. 
Surface spread tends to be limited by protective adhesions, and by the 
action of the great omentum, which plays the part of the abdominal 
policeman, spreading itself over the inflamed area, sealing up a threat- 
ened perforation, and generally acting the part of guardian to the 
hollow viscera. It effectively prevents many a case of local peritonitis 
from becoming general. When the omentum is found in an abnormal 
position and adhering to a viscus, it is safe to assume that trouble is 
brewing. Lymph spread takes place with great rapidity in the sub- 
serous lymphatics in streptococcal infections, much as the infection 
spreads in erysipelas. 

The great danger of general peritonitis is paralytic ileus rather than 
septicemia, for inflammation tends to seal the channels of absorption. 
If a coil of ileum hangs down so as to dip into a pool of pus in the 
pelvis it will become paralyzed and be as completely obstructed as if a 
ligature had been tied around it. The proximal part of the small 
bowel becomes acutely dilated and its lumen is soon filled with highly 
toxic material. Symptoms of acute intestinal obstruction with toxic 
absorption are now added to the picture, but are apt to be obscured 
and overlooked with fatal consequences. The surgeon cannot attack 
and drain a generally infected peritoneal cavity, but he can relieve 
the distended small bowel by inserting a tube. It has been well said 
that “if the bowels can be made to act, the patient recovers; if they 
fail to act, he dies.” 

The end-results are complete recovery, the formation of fibrous 
adhesions, or death. The question of adhesions is considered later. 
They are not always permanent and may sometimes disappear. 

Varieties of Peritonitis.— The pyogenic microorganisms responsible 
for acute peritonitis give rise to lesions which have many features in 
common, but some of the main types may be considered separately. 

Bacillus Coli Peritonitis.— Bacillus coli peritonitis is the commonest 
variety, but it is complicated by streptococcal infection more often 
than is suspected, for when cultures are made from the exudate the 
streptococci are completely overgrown by these coliform organisms. 
Much more accurate information is afforded by smears of the exudate 
than by culture. The exudate in pure Bacillus coli infections is usually 
thick and purulent, and has a characteristic fecal odor. This form of 
peritonitis is less fatal and fulminating than several of the others. 

Streptococcal Peritonitis.— Streptc^coccal peritonitis is very virulent. 
Spread takes place in the subperitoneal lymphatics, and in this way 
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infection sweeps from one end of the abdomen to the other. The 
exudate is thin and serous or slightly purulent, odorless, and contains 
little fibrin, so that the coils of bowel are not gummed together. 
Smears of the fluid show chains of streptococci which are not contained 
within the cells of the exudate. In Bacillus coli peritonitis, on the other 
hand, smears usually show many bacilli lying within the phagocytes. 

Pneumococcal Peritonitis.— This variety is in a class by itself and 
should be separated in the mind from the other forms of acute^peri- 
tonitis. It may be secondary to a primary focus elsewhere, usually 
in the lung or middle ear. The mode of infection is either by the 
blood stream or through the diaphragm. 

The primary form occurs principally in childhood, but I have seen 
a case in a woman aged sixty-two years. McCartney and Fraser, in a 
study of 56 c;ases, did not find a single example in a boy. It is a dis- 
ease of the poorer classes, and is probably due to lack of cleanliness. 
McC^artney and Fraser have shown that infection may occur by way of 
the female genital tract, thus explaining the peculiar sex incidence. 
The statistics of the Hospital for Sick Children, Toronto, provide an 
interesting contrast to those which have just been quoted. Of 39 
cases of proved primary pneumococcal peritonitis, 30 were females and 
9 were males. The mortality in the females was 53 per cent and in the 
males 77 per cent. These figures will be greatly lowered by the intro- 
duction of the sulphonamide drugs. The usual age incidence is be- 
tween the third and seventh years. 

The disease begins as a pelvic peritonitis but the infection rapidly 
spreads. The fiinbrte of the tubes are congested and pus containing 
pneumococci can be expressed. The exudate is at first watery, con- 
taining flakes of fibrin. It is only later that it becomes purulent. 

Gonococcal Peritonitis.— (jonococcal peritonitis is a disease of the 
female, the infection passing along the Fallopian tube. In rare cases 
it may follow infection of the seminal vesicles in the male. The peri- 
tonitis usually remains confined to the pelvis, and after a short acute 
phase soon becomes chronic, but occasionally the infiammation may 
be general. Its chief characteristic is the formation of very dense 
fibrous adhesions in the pelvis. 

Localized Peritonitis. — It is not usual for infiammation of the perito- 
neum to become generalized. Unless the infection is overwhelming, 
as in perforation of a hollow viscus or gangrene of the bowel which 
allows ready passage of enormous numbers of bacteria, there is a 
tendency for the process to be localized. Two things may happen. 
(1) The inflammation may pass off and the membrane return to a 
normal state, or there may be thickening and adhesions. (2) Pus may 
be formed, which is limited by adhesions to form an abscess such as 
the periappendicular abscess which follows acute appendicitis. It is 
unusual for such an abscess to open into the peritoneal cavity; it is 
more likely to discharge onto the skin surface or into a hollow viscus. 
These localized peritoneal abscesses are often seen in the female pelvis. 
A special form is the subdiaphragmatic or subphrenic abscess. 
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A subphrenic abscess is a collection of pus between the diaphragm 
above and the liver, stomach, or spleen below. In most of the cases 
the original inflammatory focus is in the upper part of the abdomen, 
especially gastric and duodenal ulcer and abscess of the liver, but the 
pus may trek up from below, e. g., appendicular abscess, pelvic abscess. 
The site of the initial focus of infection determines whether the abscess 
be under the right dome of the diaphragm or the left. The abscess is 
sl\ut off from the general abdominal cavity by adhesions. Usually 
the pus is intraperitoneal, but when the primary lesion is in the appen- 
dix, liver, or kidney the pus is retroperitoneal. The diaphragm is 
pushed up on the affected side as shown by the roentgen-rays and the 
liver is pushed down. The condition is progressive, and the abscess 
may burst into the peritoneal, pleural, or pericardial cavities. 

Lycopodium Peritonitis.— Lycopo- 
dium spores in the dusting powder 
of surgical gloves may cause a local- 
ized peritonitis with the formation 
of adhesions or large numbers of 
small surface nodules which may be 
mistaken for tubercles or carcino- 
matosis. The surface of the spore 
(the edge as seen in a section) is 
furnished with firm spicules which 
cause it to adhere to any surface 
with which it comes in contact, and 
to be forced beneath that surface 
by any manipulation. The lesions 
consist of lymphocytes, plasma cells 
and foreign body giant cells \vhich may contain the acid-fast spores. 
The whole forms a lycopodium grauulowa, (Fig. 287.) Similar lesions 
are produced by talc pow^dcr, which consists of crystals of magnesium 
silicate, and appear as refractile bodies in the lesion. 

Tuberculous Peritonitis.— -The peritoneum is infected with tubercu- 
losis either from an abdominal organ or from outside the abdomen. 
There are three chief intra-abdominal sources: (1) tuberculosis of 
the bowel, (2) tuberculous mesenteric glands, and (3) tuberculosis of 
the Fallopian tube. In the first and third of these the infection may 
be limited to a few tubercles on the outside of the intestinal ulcer or 
the infected tube. We are concerned here with general infection of 
the membrane. Repeated infection may occur through the ostium 
of the tube, so that no treatment is of avail until the tube is removed, 
but usually the ostium is sealed up by adhesion of the fimbriae. The 
extra-abdominal sources are the lungs and pleura (probably lymph 
spread through the diaphragm), and a distant focus in bones, joints, 
or bronchial lymph nodes (blood spread). The disease is commoner in 
children and young adults, and occurs in two main forms, the moist 
and the dry. 

In the moist forvi the chief feature is the great distention of the 
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abdomen, with its tight shiny dome overtopping the wasted body of 
the patient. The distention is caused by a great accumulation of 
thin, watery, pale yellow fluid which shows the characteristics of an 
exudate, i. e., a specific gravity above 1018 and an albumin content 
about 4 per cent. It contains many lymphocytes and may be blood- 
stained. Blood in the abdominal fluid suggests tuberculosis or malig- 
nancy of the peritoneum. When the fluid is removed the surface of 
the peritoneum is seen to be studded with miliary tubercles. Some- 
times the tubercles excite the formation of a plastic exudate \^ich 
(*overs up and hides the tubercles. There may be larger caseous masses 
and the mesenteric lymph nodes are usually large and caseous. The 
omentum may be thick and contracted, but this is more characteristic 
of the dry form. Occasionally the fluid may be encysted by adhesions, 
so as to simulate an abdominal cyst. Opening of the abdomen and 
drainage of the fluid is often followed by remarkable improvement 
which it is difficult to explain, but unless the primary focus (Fallopian 
tube, etc ) is removed a permanent cure cannot be expected. The 
injection of oxygen into the peritoneal cavity also gives good results. 

In the dry form there is little or no fluid, but a dense plastic exudate 
is produced which glues the intestines together and is followed by the 
formation of very firm adhesions. When the abdomen is opened the 
coils of intestine are matted together and cannot be separated, so that 
a detailed examination of the bowel for tuberculous ulcers may be a 
matter of great difficulty. The surface may be studded with tubercles, 
but often these are completely covered by the inflammatory exudate. 
The omentum is thickened and contracted so that it forms a flat 
mass like a pancake or a rounded one like a sausage which can be 
felt through the abdominal wall. When the coils of bowel are partially 
separated collections of fluid may be found between them. A fecal 
fistula may be formed owing to a loop of diseased bowel becoming 
adherent to the abdominal wall, followed by caseation of the wall and 
ulceration of the skin surface. The fistula may open at the umbilicus. 

TUMORS OF THE PERITONEUM 

Secondary Carcinoma.— The peritoneum may be infected from car- 
cinoma of any intra-abdominal organ. There may be one or two 
masses in the mesentery and omentum, or a condition of diffuse 
carcinomatosis. The primary tumor is usually in the stomach, large 
bowel, or ovary (malignant papillary cyst adenoma) . The infection is 
caused by the tumor perforating the serous coat and scattering cells 
over the "serous surface. The connection between the tumor on the 
inside and the tumor on the outside may be very evident to the naked 
eye, or the process of serous invasion may be only seen with the micro- 
scope. Tumor cells from a cancer of the stomach may drop down 
through the peritoneal cavity, forming little implantations on the 
serous surface to mark their track, and becoming seeded on the pelvic 
organs where they may form large secondary growths. The ovaries 
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form particularly favorable soil, and may present large tumors before 
a cancer of the stomach is suspected. Lymphatic spread may result in 
widespread dissemination. In such cases the wall of the bowel may be 
covered with a fine network of white lines representing lymph vessels 
distended by tumor cells. The irritation of the peritoneum causes 
ascites to de^Tlop, and carcinoma cells may be found in the fluid. 
Unless the cells are in clumps it is very unsafe to diagnose them as 
indicating malignancy. The fluid is often hemorrhagic. 

If the primary tumor is a colloid type of carcinoma, the secondary 
growths form large soft jelly-like masses. The curious condition of 
'pseudomyxoma peritonei may be caused by rupture of a pseudomucin- 
ous cyst of the ovary and more rarely of a mucocele of the appendix. 
This condition, which is not really malignant, is considered in con- 
nection with o^ arian cysts. 

Primary tumors aie so extremely rare that they need only be mentioned. It 
is said that a primary endothelioma of the peritoneum may occur in the form 
of a diffusely infiltrating tumor. 

Retroperitoneal Tumors.— These are rare tumors growing from the retroper- 
itoneal connective tissue of the posterior abdominal wall. The chief of them 
is the lipoma and sarcoma. 

Retroperitoneal lipoma is really a mixed tumor, although consisting largely 
of fat. Some parts are myxomatous and some sarcomatous. It commences 
at one side of the vertebral column, usualty at the level of the kidney, grows 
very slowly, and may reach an enormous size, filling the greater part of the 
abdominal cavity. It may creep through the intervertebral foramina and 
compress the cord. The tumor is more nearly related to the teratomata than 
to an innocent lipoma, and may occur in early childhood, although usually in 
middle age. 

Retroperitoneal sarcoma is a fibrosarcoma which grows from the fascia of 
the posterior abdominal wall. It shows the usual gross and microscopic 
characters of a fibrosarcoma. 

MESENTERIC CYSTS 

Cysts of the mesentery and omentum arc rare. Lymphatic cysts of the mesen- 
.tery are probably lymphangiomata of congenital origin. They occur in 
childhood and early adult life. They are usually single and about the size 
of a hen’s egg, but may attain a great size. The lining is a flat endothelium, 
and the contents are watery or milky. Gas cysts of the mesentery are very rare, 
though common in the pig. They are quite small and are usually grouped in 
one segment of the bowel. Their nature is uncertain; the gas may be formed 
by bacteria, or may be produced by cells. Hydatid cysts are fairly common in 
the mesentery, where they form multiple masses which may reach a large size. 

ASCITES 

Ascites is an accumulation of serous fluid in the peritoneal cavity, 
so that the abdomen becomes converted into a bag of fluid {askos, a 
bag). The fluid may be dropsical in origin, i, e., a transudate, or 
inflammatory, i. e,, an exudate. Dropsical ascites may be part of a 
general dropsy due to cardiac or renal disease, or it may be due to 
obstruction of the portal vein. Portal obstruction is usually caused 
by portal cirrhosis of the liver, but may be due to pressure on the vein 
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by a tumor, enlarged glands, etc. The exudative form of ascites is 
caused by irritation of the peritoneum by tuberculosis or carcinoma- 
tosis, and the fluid may contain blood. Ascites in a woman with 
normal heart and kidneys should suggest carcinoma of the ovaries. 
The inflammatory fluid has a higher specific gravity (above 1018) and 
protein content (above 3 per cent) than the dropsical fluid. 

Pick’s Disease. — This condition has already been discussed under the 
heading of chronic constrictive pericarditis, but it is mentioned here because 
the most striking features may be great thickening of the peritoneum- and 
recurring ascites. In one case which I examined when the abdomen was 
opened it looked as if the viscera had been removed, so marked were the 
pressure effects of the ascites and so great was the peritoneal thickening. 
There is often a polyserositis, affecting peritoneum, pericardium, and pleura. 

THE ABDOMINAL WALL 

The abdominal wall suffers from the same pathological conditions 
as the rest of the surface of the body, but a few lesions deserve separate 
mention. 

Tumors.— A lipoma of the subcutaneous tissue is not uncommon. 
It must be differentiated from small extrusions of extraperitoneal 
fat in the middle line of the epigastric region. 

The fibroma or desmoid tumor grows from the sheath of the rectus 
and tends to infiltrate the muscle. It is densely hard, and interlacing 
bands of fibrous tissue are seen on the cut surface (desnws, a band). 
About 80 per cent of the cases occur in women who have borne chil- 
dren. In the remaining cases there is usually a history of injury to 
the abdominal wall. The enclosed muscle fibers may become con- 
verted into miiltinucleated plasmodial masses like giant cells. Some 
of these tumors show a tendency toward malignancy, recurring 
repeatedly after remov al. 

Actinomycosis. When the cecum or appendix is the seat of actinomycosis, 
the infection may spread to the overlying abdominal wall, appearing as a 
hard swelling in the right groin. This softens and discharges pus containing 
the characteristic sulphur gran\iles. 

Ossification of Abdominal Wall. — In rare cases bone may be formed in the 
scar of a laparotomy wound. This usually occurs above the umbilicus, and 
appears to be an example of metaplasia of one form of connective tissue into 
another form. It has also occurred in the hypogastrium following operations 
on the bladder (prostatectomy, etc.). This is more readily understood, for 
Huggins has shown that bladder mucosa transj)lanted into the abdominal w all 
gives rise to bone formation, although with no other mucous membrane was 
a similar result obtained. 

Lesions of Umbilicus. — The umbilicus, though a small structure, suffers 
from many diseases, as may be seen in Cullen ^s monograph of 650 pages. 
The most important lesions are congenital anomalies, fistula and tumors. 

Patent Vitelline DucL~The vitelline or omphalo-mesenteric duct, the 
original communication between the intestine and the yolk sac which normally 
becomes closed at the end of the second month of intra-uterine life, passes from 
the ileum a short distance above the ileocecal valve to the umbilicus. When 
the intestinal end remains open it is called Meckel's diverticidum; this is a 
common condition. Rarely the entire tract remains open, so that the intestine 
communicates with the surface; this is known as a patent Meckel’s divertic- 
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Ilium. The distal end only may remain open while the intra-abdominal part 
is obliterated; the mucous membrane is prolapsed on the surface to form a 
raspberry-like tumor. If both ends are closed but the intervening portion 
remains open, a cyst is formed. 

Patent Urachus. — The urachus is the communication between the urinary 
bladder and the allantois via the umbilicus. If it does not become obliterated, 
there is a fistulous opening at the umbilicus through which urine is discharged. 
A urachal cyst is formed if both ends of the duct are closed but the intervening 
part remains patent. 

Fistulas. — Examples of fistula? of congenital origin have already been de- 
scribed. An abdominal abscess may point and rupture at the umbilicus. A 
fecal fistula is most often due to tuberculous peritonitis, a loop of diseased 
bowel becoming adherent to the umbilicus; caseation and breaking down then 
give rise to a fistula between the bowel and the skin. 

Tumors. Tumors of the umbilicus are usually secondary carcinomas. The 
primary growth is likely to be in the stomach, large bowel, gall-bladder or 
ovary, and is usually an adenocarcinoma. It feels like a hard button. The 
tumor cells may reach the umbilicus via the round ligament. Secondary cancer 
of the umbilicus is a late manifestation, and indicates that the case is inoperable. 

Primary carcinoma is very rare, although I happen to have seen 3 cases. 
It is usually an epidermoid carcinoma, but may be an adenocarcinoma. It is 
probable that most of the latter cases reported in the literature are really 
secondary. Endomeirioma is an interesting tumor, in the form of a small red 
nodule from w’hich blood may be discharged at the menstrual period. It 
consists of endometrial tissue (see discussion on Endometriosis). It is also 
know n as an adenomyorna, because it rna^'^ contain both glandular and muscular 
tissue. 
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CHAPTER XXIV 
THE URINARY SYSTEM 

THE KIDNEYS 

Descriptive Outline. -It is of particular importance in describing so complex 
an organ as the kidney that a definite order should be followed, otherwise 
essential points may be omitted. These points are as follows: size, weight, 
consistence, capsule, cortex, medulla, arteries, pelvis. The size is fairly 
constant in health; if only one kidney is present it will be_twice Jhfi normal 
size and weight. The length is about 11 cm., the breadth 6 cm., and the 
thickness 3 cm. The kidney substance may be divided into lobules by deep 
grooves, a condition known as fetal lobulation and of no pathological signifi- 
caiKie. The average weight is 150 grams. The consistence is such that when 
held horizontally by the middle, each end tends to dip slightly. If softer 
than normal, the kidney may form the arc of a circle when held by the middle. 
If the consistence is increased (amyloid), there is no dipping even when it is 
held at one end. The capsule is thin, translucent, and can be readily stripped 
off, leaving a smooth surface. If it has become adherent as the result of 
disease, pieces of cortex may come away when attempts are made at removal 
(decortication). The cortex between the base of the pyramid and the capsule 
is 5 mm. wide; the deep cortex lies between the pyramids. The color of the 
cortex is reddish-brown; it may be pale due to ischemia, yellow due to lipoid 
deposits or fatty degeneration, or dusky red due to congestion. The cortex is 
traversed by fine alternate red and gray lines, best seen by means of a hand lens. 
Tlie red lines correspond to the interlobular vessels, the gray lines or medullary 
raj's to the codec; ting tubules and parts of the loop of Hcnle passing down 
into the medulla. These cortical markings become distorted or completely 
lost in chronic l^right\s disease. The boundary zone of the medulla shows a 
continuation of the cortical markings. The papillfe projecting into the pelvis 
are inspected for early lesions of tuberculosis. The condition of the arteries^ 
best seen at the base of the pyramids, is noted; their walls arc thickened in 
hyi)ertcnsion. The renal pelvis^ with a capacity of 7 to 10 cc., is lined by 
a smooth, glistening, grayish-white mucous membrane in which no vessels 
should be visible. 

The microscopic description includes glomeruli, tubules, interstitial tissue, 
and arteries. Each glomerulus consists of a glomerular tuft, a capsular space, 
and Bowman’s capsule lined by flattened epithelium. The glomerular tuft is 
made ui^ of capillary loops, each of which presents a basement membrane lined 
by endothelium and covered by epithelium, the latter being continuous with 
the epithelium linitig Bowman’s capsule and with the tubular epithelium. The 
juxtaglomerular apparatus is a collection of cells at the vascular pole of the 
glomerulus in relation to the afferent arteriole, possibly concerned with the 
regulation of blood flow through the glomerulus. 

BRIGHT’S DISEASE 

In 1827 Richard Bright described a series of eases in which edema 
was associated with the presence of albumin in the urine, and which 
he correctly attributed to disease of the renal parenchyma, though 
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guided by naked-eye examination alone. With the passage of time 
the conception of what was called Bright’s disease became greatly 
widened, at least on the pathological side, so that now a number of 
different chronic inflammatory and degenerative conditions are in- 
cluded which bear a clinical resemblance to one another but which 
have a different pathological basis. It seems useful to retain the term 
Bright’s disease, if only for sentimental reasons, and to include in it 
the three conditions known as glomerulonephritis, nephrosis, and 
nephrosclerosis (the arteriolosclerotic kidney); to these must now be 
added the contracted stage of pyelonephritis. 

GLOMERULONEPHRITIS 

Diffuse glomerulonephritis is an inflammatory condition affecting, 
the glomeruli primarily, but with secondary damage to the other parts 
of the nephron as well as the interstitial tissue later. It is the condi- 
tion which should be understood when the word nephritis is used with- 
out qualification. The glomerulonephritis is diffuse in distinction to 
other less important forms of focal glomerulonephritis. The pathology 
and symptomatology of glomerulonephritis vary to such an extreme 
degree that three different forms have been described under the names 
acute nephritis, subacute or subchronic nephritis (formerly called 
chronic parenchymatous nephritis), and chronic nephritis (formerly 
chronic interstitial nephritis). Thanks to the vrork of Lbhlein, Volhard 
and Fahr, Bell, and others, it is now possible to say that, from the 
pathological point of view, these are three stages of the same process. 
It is true that in very many cases it is difficult or impossible to detect 
a transition from one to the other clinically, so that the patient may 
show merely the third stage or the second stage, but not infrequently 
a patient will pass in orderly fashion through the three stages, the 
clinical picture thus corresponding with the pathological lesions, '^rhcsc 
stages are the acute, the intermediate and the chronic. 

The acute stage is characterized clinically by urinary evidence of 
acute inflammation, signs of acute reijal insufficiency, edema, and a 
varying degree of hypertension. In the intermediate stagey also called 
subacute and subchronicy there is edema and albuminuria. The chief 
features of the chronic stage are hypertension and renal failure. Re- 
covery is usual after the first stage, but repeated subinfections may 
cause the kidney to pass through all three stages if the patient survives 
long enough. 

Etiology.— .4 ci/fe diffuse glomerulonephritis is an indication of bac- 
terial infectim, but this infection is extrarenal and not within the 
kidney. Iji^ alxQOSt every case.the infection is due to streptococci. Differ- 
ent strains may act as the causal agent, e. g.y the hemolytic strepto- 
cocci of scarlet fever, the non-hemolytic streptococci of subacute 
bacterial endocarditis, and streptococcal sore throat. The scarlet fever 
cases form a well-defined group in children. The most striking feature 
is the fact that it is really a postscarlatinal nephritis, for it comes on 
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from the second to the sixth week,^when the acute infection has passed 
away and the temperature has returned to nornial. These cases 
usually recover completely and seldom pass into the chronic stage. 
The relation , of sore throat and tonsillitis to acute nephritis is well 
marked. Sometimes an acute attack will occur after tonsillectomy or 
there may be an exacerbation of preexisting symptoms. There is no 
relation between the severity of the throat attack and the danger of 
nephritis, for nephritis may follow a very mild throat infection. 

Although the disease is due to streptococci, there is no actual bacterial 
invasion of the kidney. No ba cteria arc found in the^tissues, and the 
blood and urine are sterile. When the blood and kidney are flooded 
with bacteria, as iii streptococcal septicemia from acute ulcerative 
endocarditis, the effect, is not diffuse glomerulonephritis but focal 
pyemic abscesses. The i nflam matory lesions in the glomeruli arc the 
result of toxins, which always produce more diffuse lesions than do 
bacteria. In the acute first stage very few glomeruli are spared. 

The latent interval observed in postscarlatinal nephritis suggests 
that immunological reactions of an allergic character may be con- 
cerned. The same interval is often seen between tonsillitis and an 
attack of acute nephritis. Duval and Hibbard found that the toxins 
of scarlatinal streptococci only produced nephritis in the rabbit when 
they were first acted on by immune scrum, so that apparently some 
allergic change is necessary before the toxins are able to act as an 
irritant to the glomeruli. 

Coll is undoubtedly a predisposing factor, especially a combination 
of cold and wet. There seems to be a close relation between the 
vessels of the skin on the one hand and those of the kidney and throat 
on the other. When the skin of an animal is chilled there is a transient 
albuminuria, due probably to vasoconstriction of the glomerular 
capillaries followed by dilatation. It is known that chilling of the body 
surface causes vasoconstriction and ischemia of the mucous membrane 
of the throat (Mudd and Grant), and these changes may lower resist- 
ance and excite infection. These facts when taken together suggest 
an explanation of the part which cold occasionally plays in the etiology 

of acute nephritis. . . . 

The nephrotoxic serum of Masugi produces renal lesions in animals 
bearing a marked resemblance to those of human glomerulonephritis. 
The “nephrotoxin” is not a toxin but a specific antibody which acts 
only on the kidney. It is prepared by immunizing animals of one 
species with a suspension of perfused kidney tissue obtained from a 
second species. This antiserum induces nephritis when injected into 
members of the species which supplied the kidney tissue. It is of 
clinical interest to note that diet had a profound effect both on the 
course of the nephritis and on the pathological lesions. On a low 
protein-high carbohydrate diet all the animals (rats) recovered, 
whereas on a high protein-low carbohydrate diet they all succumbed 
to chronic progressive nephritis. The seat of the greatest tubular 
damage in the high protein group was the proximal convoluted tubule. 
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In chronic glomerulonephritis it is much more difficult to determine 
the etiological agent. In order that the nephritis may become chronic 
it seems that there must be some extrarenal focus of infection from 
which the kidney is subjected to repeated infections or rather repeated 
intoxications. A history of recurrent sore throat is often obtained. 
In other cases no history of infection can be elicited, but here also the 
pathological evidence shows clearly that the lesion is an inflammatory 
one and must have been caused by a ^^cryptogenic’* infection. 

Symptoms. —The symptomatology of glomerulonephritis is so diverse that 
little is to be gained by giving a list of symptoms at this stage. Some of the 
principal ones will be discussed when the relation of symptoms to lesions is 
considered. It may be useful, however, to indicate some of tnc possible courses 
which the disease may follow. The clinical picture may vary to such a degree 
that it is difficult for the observer to convince himself that the different patients 
are merely suffering from variations of one central theme. The chief of these 
variations are as follows. (1) The patient may die of uremia early in the acute 
stage, with marked albuminuria, hematuria, edema, slight hypertension, and 
retention of non-protein nitrogen in the blood. A not uncommon cause of 
death at this stage is left ventricular failure, the explanation of which is un- 
certain. The majority of the acute cases recover completely in the course of 
a few months. (2) He may survive the acute phase of the attack, but the fea- 
tures of the first stage may continue or become more pronounced until uremia 
develops and the patient dies in the course of a few months. (8) The acute 
attack is often followed by a latent period when the patient considers himself 
well, but after some months he presents marked edema and albuminuria with 
only slight hypertension (sometimes none) and no imf)airment of renal func,tion. 
He has passed into the intermediate or subacute stage. Such cases will often be 
wrongly diagnosed by the clinician as nephrosis, although it is permissible to 
speak of a nephrotic stage, provided the word be used in a clinical and not in 
a pathological sense. Sooner or later hypertension and impairment of renal 
function make their appearance, often with a coincident disap|)earance of the 
edema. The duration of the intermediate stage is variable. Usually within a 
period of two years the patient either dies of an intorcurrent infection, to 
which he is very susceptible, or passes into the third stage. In some cases, 
however, the stage of edema lasts for many years. (4) The iTiajority of patients 
in the chronic stage present no history of an acute attack. The blood-pressure 
rises ^gradually as renal insufficiency increa.ses; this is in striking contrast to 
essential hypertension in which high levels are attained early in the disease. 
A history of cerebral hemorrhage or coronary heart disease is rare, again in 
marked contrast to essential hypertension. The blood non-protein nitrogen 
shows a slow progressive rise until the terminal stage, when the rise becjonu's 
sudden. The average time between the acute attack and death in the chronic 
stage is about ten years, but it may be much shorter or considerably longer. 

The different type and stages are so interwovem that it is dangerous to attach 
simple labels to them, but in a general clinical way it may be said that the 
first stage is the stage of acute urinnry disturbance, the intermediate is the stag(j of 
edema, and the third is the stage of hyperUmsion and chronic renal insufficiency. 

Lesions.— Glomerulonephritis,— Hoih kidneys arc always in- 
volved in diffuse glomerulonephritis. The gross appearance is not 
specially characteristic. The kidneys are usually swollen, and the 
capsule is tense. The pale cut surface suggests cloudy swelling. 

Microsroirlcally the essential lesions are in the glomeruli. Prat;ti- 
cally all the glomeruli are involved, that it is a true diffuse nephritis ; 
such a picture could only be i>roduce<l by the action of a diffusible 
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toxin. The glomeruli are swollen so as completely to fill the capsular 
space. They are much more cellular than normal, for reasons which 
will soon become apparent. 

The best idea of the process is to be obtained by a consideration 
of one of the csipillary loops of which the glomerular tuft is composed. 
(Fig. 288.) The whole of the pathology of glomerulonephritis can be 
studied in a single loop, and all the other changes of the first, second, 
and third stages follow as a natural consequence. Each loop is covered 



Fia. 2SS.— Glomerulus, showing individual units, the capillary loops of which the tuft 
is composed, widely separated. X 400. 

externally by a layer of epithelium and lined internally by endothelium. 
In ordinary preparations it is not easy to distinguish between these 
two types of cell, but the distinction becomes much easier when the 
fine basement membrane of the loop which separates the two sets of 
cells is stained with Mallory’s aniline blue. The epithelial cells lie 
outside the membrane, while the much less numerous endothelial cells 
lie inside the membrane. (Plate XVI, A.) The epithelial cells show the 
first change. They become swollen and multiply so as to fill in the, 
spaces between the loops. Later they undergo degeneration and are 


608 


THE URINARY SYSTEM 


cast off into the capsular space. The changes in the endothelium are 
of much greater importance. They become much swollen, multiply 
greatly, and tend to block the lumen of the loop. (Plate XVI, B.) 
The capillary obstruction is still fiu^her increased by the formation of 
fine intercapillary fibers which are apparently derived from the base- 
ment membrane of the capillary loops. In the chronic stage these 
fibers fuse together and convert this part of the tuft into a dense 
hyajine mass. In addition to these proliferative changes, polymorpho- 



Fig. 2K9.— Glomerulonephritis, showing endothelial proliferation and avasrularity of 
the tuft. The case is in the intermediate stage; epithelial crescent above. X 450. 

nudears collect in the glomerular capillaries, and there is a varying 
amount of exudate (serum, fibrin, leucocytes and red blood cells) in 
the capsular space. Shaw Dunn believes that the earliest change is a 
uniform dilatation of the glomerular capillaries, which is responsible 
for the escape of albumin and red cells into the urine. 

As a result of the proliferative changes the loop becomes occluded 
and bloodless. (Fig. 289.) The other loops of the tuft share in the 
change, with the result that little or no blood flows through the 
glomerulus. This glomerular ischemia accounts for the hypertension 
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which accompanies the acute stage of nephritis. The blood supply to 
the tubules passes through the glomeruli, so that the ischemia will 
lead to secondary tubular degeneration and in turn to increase of the 
interstitial fibrous tissue. These changes, however, are not seen in 
the first stage of nephritis. The tubules, apart from some cloudy 
swelling, the interstitial tissue, and the arteries are for practical pur- 
poses normal. 

The further course may be toward healing or chnmicity. In the 
scarlatinal cases there is usually complete recovery, and if the patient 
dies some years later the glomeruli may show no trace of former lesions; 
in other cases a greater or less number of glomeruli are found to be 
obliterated. In the few cases in which chance or accident has given 
the pathologist an opportunity to 
study the process of healing, re- 
moval of the exudate blocking the 
capillaries seems to take place in 
the same way as resolution of a lobar 
pneumonia. The exudate is grad- 
ually absorbed and the ischemic 
glomeruli become filled once more 
with blood. In other cases, espec- 
ially those due to streptococcal in- 
fections of the throat, the kidney is 
exposed to repeated reinfection, so 
that the process advances to the 
second and finally the third stage 
of nephritis. As regards the micro- 
sc’opic changes the first stage is the 
stage of proliferation, the second is 
the stage of degeneraliouj and the 
third is the stage of atrophy and 
scarring. 

Subacute Glomerulonephritis 
(Chronic Parenchyvuitous Nephritis), Fia. 290.— Kidney in che intermediate 

-The gross appearance is well (1«- of^^riomerulonephritU; the large 

scribed by the old term “large white 

kidney.” (Fig. 290.) The kidney is slightly or considerably enlarged, 
the capsule strips easily, and the exposed surface is smooth and pale. 
The cut surface shows marked swelling and pallor of the cortex, in 
comparison with which the pyramids appear unnaturally dark. The 
pallor is due chiefly to a great accumulation of lipoid in the cells of the 
convoluted tubules, but in part to emptying of the capillaries from 
swelling of the parenchyma. There may be bright yellow streaks and 
patches in the cortex due to large deposits of lipoid. The consistence 
is soft. 

Microscopic examination shows a picture of degeneration combined 
with a var^ ing degree of the proliferation of the first stage and the 
atrophy and scarring of the third stage. It is naturally impossible 
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to draw too hard and fast a line between the different stages, and 
one part may show more proliferative lesions, while another part 
shows atrophy. The intermediate stage differs from the acute in the 
important respect that all three of the main constituents of the kidney 
are involved “glomeruli, tubules, and arteries “-as well as the inter- 
stitial tissue. 

The gloinendi show an advancement of the changes of the first 
stage. The degree of \ ascular occlusion probably determines the clin- 
ical course. The more severe and widespread the occlusion, the more 
quickly will the kidney pass into the atrophic stage. Some of the 
glomeruli are converted into structureless hyaline masses through 
which no blood can pass and which can secrete no urine into the 
tubules. The hyalinization is due to a gradual increase of the hyaline 
fibers which begin to be formed in the acute stage. 



Fig. 291 — The ei)ithelial crescent of plonicrulonephritis. The space lietween the tuft 
and Bowman’s capsule is oci'iipied by proliferated epitliolial cells. 


Capsular changes are also present. Red blood cells, desquamated 
epithelium, albumin, and fibrin are present in the capsular space in 
varying amount. The chief change is a proliferation of the capsular 
epithelium. Large masses of cells are formed which occupy the 
capsular space. The whole circumference of the glomerulus is seldom 
involved, so that the cells form a semilunar mass in the capsular space 
which is known as the epithelial crescent, and provides the most easily 
recognized evidence of glomerulonephritis. (Fig. 291.) In course of 
time the crescents become fibrosed and fuse with the hyaline tuft. 

The tubules show marked degenerative changes, which are most 
pronounced in the convoluted tubules. The epithelium of the con- 
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voluted tubules shows cloudy swelling, fatty degeneration or necrosis. 
The fat content may be very high. In addition to neutral fat the cells 
may contain large amounts of lipoid material, chiefly cholesterol ester, 
which can be seen as bright anisotropic globules in frozen sections 
under crossed Nicol’s prisms. As the tubular degeneration progresses, 
many of the epithelial cells are cast off and the tubr.Ies become atrophic. 

Chronic Glxymeruhnephritis (Chronic Interstitial Nephritis). This is 
the stage^ of scarring. In the literature it is described as the small 
white kidney, granular con- 
tracted kidney, secondary 
contracted kidney, and chronic 
interstitial nephritis. In an 
advanced case the kidney is 
small and shrivelled, its surface 
is covered with fine granules, 
and the capsule is so adherent 
that, when it is stripped ofl‘, 
portions of the cortex come 
away with it (decortication). 

(Fig. 292.) The meaning of * 
the granularity is shown by the f 
microscopic examination. 

Sometimes the surface may be 
smooth even though the micro- 
scopic changes are marked. 

The cut' surface shows ex- 
treme irregularity and atrophy 
of the cortex, whic^h in places 
may be only 1 or 2 mm. in 
width. The irregularity corre- 
sponds with the granularity 
of the surface. The normal 
vertical markings of the cortex 

produced by the vasa recta 293. _ chr„„io glomerulonephritis 

are lost. Ihe pyramids are (granular contracted kidney^ . 

normal. The pelvis may be 

dilated owing to the general atrophy, and there is an increase of the 
pelvic fat outside the epithelial lining. 

Microscopic examination shows almost complete loss of the renal 
architecture. The parenchyma, which normally consists practically 
entirely of tubules with a few scattered glomeruli, has been replaced by 
the cheap substitute of fibrous tissue. It is this disappearance of 
tubules which strikes the observer most on first examining the section. 

The glomeruli shows hyalinization in its most extreme form. Owing 
to the disappearance of the tubules and the shrinkage of the cortex 
there may be large numbers of hyaline glomeruli in a low-powder field. 
(Fig. 293.) Other glomeruli are atrophic and shrunken, but their 
capillaries still allow the passage of some blood. Were it not so, the 
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patient could not have survived. An occasional epithelial crescent 
may remain in the unhyalinized glomeruli to indicate a still active 
inflammatory process, but in the cases of long standing they have usu- 
ally all disappeared or become fibrosed and fused with the tuft. The 
hyaline glomeruli fade away and blend with the surrounding tissue 
until they can no longer be distinguished. The arteries, which may 
also become greatly fibrosed and thickened (see below), do not dis- 
appear in this way. 



Fio. 293.— Complete hyalinization of glomeruli with disappearance of tubules in center 
of field and round-cell infiltration. X 60. 

The convoluted tubules show an extreme degree of atrophy, and only 
their outline may be detected under the high power. Some of the 
tubules appear normal or more often are dilated and lined by a high 
epithelium with papillary buds projecting into the lumen, although 
when the dilatation is marked the cells become low or even flattened. 
These tubules, which are connected with more or less normal glomeruli, 
may be regarded as showing evidence of compensatory or work hyper- 
trophy. They are collected in little groups which stand out in striking 
contrast to the rest of the shrunken parenchyma, and it is these islands 
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of tubules which, projecting above the surrounding surface, give rise to 
some of the granularity. The collecting tubules are atrophied, but to 
a much lesser degree. 

The interstitial tissue shows a very great increase, which is mostly 
apparent due to the concentration of tissue, but to some extent is real. 
This is the feature indicated by the unsatisfactory term chronic 
interstitial nephritis. Groups of small round cells may form a striking 
picture in the fibrosed cortex especially in the neighborhood of the 
hyalinized glomeruli. 

The arteries supplying the fibrosed atrophic areas show the changes 
of disuse atrophy, the chief feature of which is marked fibrous thicken- 
ing of the iritima causing narrowing of the lumen. This is a form of 
endarteritis obliterans similar to the change which occurs when a vessel 
is ligated. If hypertension becomes marked, hypertensive vascular 
lesions may develop (see page 408), some of which unfortunately may 
resemble those of disuse atrophy. The chief of these hypertensive 
vascular lesions is arteriolosclerosis with marked narrowing of the 
lumen, ^liis may have two effects: (1) by causing renal ischemia it 
may accentuate the hypertension, which in turn leads to further 
arteriolosclerotic ischemia, so that a vicious circle is set up; (2) by 
depriving the remaining nephrons of their blood suf)ply it may add the 
coupe de (jrcice to the already faltering kidney and bring about its final 
downfall. 

Oliver, and before him .lores and Oertel, have pointed out that in 
the terminal stage of Bright’s disease there is a profound qualitative 
as well as quantitative change in the kidney. Not only are large num- 
bers of nephrons atrophied; many of the remaining ones become 
hypertrophied. By using the old methods of wax reconstruction and 
microdissection of macerated specimens Oliver has been able to show 
that a hypertrophied unit may replace in physical size 15 destroyed 
units, and it is by means of these hypertrophied units that the patient 
continues to live. The remaining glomeruli become much enlarged, 
but by far the greatest hyerptrophy occurs in the proximal convoluted 
tubule, which is increased in length as well as in diameter. Moreover, 
by means of microdissection it is found that the integrity of the tubule 
is not necessarily dependent on the integrity of the glomerulus, as is 
commonly supposed. A hypertrophied tubule may be attached to a 
completely atrophied and fibrosed glomerulus, and some of the tubules 
have been cut off from their glomeruli by scar tissue, a condition 
analogous to the aglomerular kidney of certain fishes. 

The Relation of Ssnnptoms to Lesions.— It is convenient to consider the 
case of a patient who passes through all three stages of glomerulonephritis. 
A bare outline of the varied symptomatology will first be given, and a few of 
the more prominent symptoms will then be picked out for discussion. 

The acate stage is characterized by pain in the back, fever, edema, a slight 
rise in the blood-pressure, urinary changes such as oliguria, high specific 
gravity, the presence of albumin, blood and casts, and a low urea content, 
with a corresponding rise in the non-protein nitrogen of the blood. The 
intermediate stage is the stage of edema; it is wet nephritis. The chief symptom 
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is edema which maj'^ be extreme, and the chief urinary change is marked albu- 
minuria with casts. The renal function shows little sign of impairment in 
spite of the extensive damage to the kidney, a condition of compensated renal 
hypof unction (Fishberg). Secondary anemia is common. The blood chem- 
istry changes arc commonly those associated with nephrosis, i. e., high blood 
cholesterol, lowered serum albumin, and a reversal of the ordinary albumin- 
globulin ratio. The non-protein nitrogen of the blood is normal. Tbe basal 
metabolic rate is low. This stage may be called the nephrotic stage, for the 
symptoms and blood and urinary findings are identical with those of nephrosis. 
The patient will not die of uremia, owing to compensation of the renal hypo- 
function, but he is likely to die of ascites, or of some intcrcurrent infection, 
especially pneumococcal peritonitis. In the chronic stage, that of drg nephritis, 
the edema disappears, and hypertension and nitrogen retention occupy its 
place. It is the stage of renal insufficiency or deerwn pen sated renal hypo- 
function, and the line which separates it froju the second stage is a functional 
rather than an anatomical one. Albumin and casts may be present in the 
urine in small amount, but the characteristic feature is tlic low fixed specific 
gravity. Death is due to uremia, or to myocardial failure or cerebral hemor- 
rhage from the hj^pertension. 

Only a few of the symptoms of glomerulonephritis will be considered. Some 
can be explained, at least partially, by the lesions; others cannot. The latter 
should prove more stimulating for future enquiry than the former. The 
urinary changes are those which first attract the eye, but some of the most 
important symptoms are extrarenal. As an old writer remarks: “the good 
physician trusteth not the single witness of the water if better testimony be 
had. For reasons drawn from the urine alone are as brittle as the urinal.” 

Albuminuria is of glomerular origin, although it is most .marked in the 
second stage which is characterized by tubular degeneration. The tubules 
may also add albumin to the urine as it passes through them. It seems ])rol)- 
able that the essential cause of the albuminuria is interference with the renal 
filter in the glomerulus. The epithelial investment of the capillary loops may 
be the chief constituent of this filter, which normally prevents the proteins 
of the blood from entering the urine. The permeability of the renal filter is 
a very delicate affair which may be interfered with by processes which leave no 
anatomical trace. Mere clamping of the renal artery for thirty seconds w ill 
cau.se albuminuria due to the permeability being altered by the temporary 
.asphyxia. The proteins of the blood plasma consist of albumin and globulin, 
but only the albumin escapes into the urine. As a result of this, continucil 
and ma.si-ive albuminuria will not only greatly lower the total quantity of the 
plasma protein; it will also bring about a reversal of the normal albumin- 
globulin ratio of 3 to 1. This is well seen in chronic nephrosis and in the 
nephrotic or second stage of ghanerulonephritis. As Dunn has shown, there 
is another factor to be con.^idered. In the nei)hrotic kidney there is a fixed 
patency of the glomerular capillaries, as a re.^ult of which there is a loss of tluMr 
normal rhythmical contractility, .so that many more glomeruli are in operation 
at the same time. As the same amount of blood still goes to the kidney each 
tuft is perfused at a much less rate than in the ca,se of an active tuft. The 
result is a jM^rmanent stage of stasis with slight capillary dilatation, a condition 
whicli in rrther parts of the body allows an increa.sed escape of plasma protein. 
The supj)os(»d degenerative changes in the tubules may be due to increased 
ab.sorption of protein and lipoids, which are deposited in the walls of the tubuhis. 

Casts are formed of albumin from the glomerulus, and contributions of 
epithelium and granular and fatty detritus from the tubules. If there is 
much inflammatory exudate or hemorrhage in the capsular space the casts 
will be coated with leucocytes or red blood cells. It is in the tubules tliat the 
casts arc molded into .shape. 

Edema is probably an extrarenal phenomenon, and its explanation is not 
to be found in the kidney. The idea is gaining vogue that acute glomerulo- 
nephritis is a generalized capillary di.sease and not merely confined to the 
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capillaries of the renal glomeruli. Edema may set in very early, sometimes 
synchronously with the albuminuria, so that it seems we must look outside 
the kidney for its explanation. Impaired renal function of itself does not cause 
edema. When both kidneys are removed so that no urine can be secreted, 
the animal does not develop edema, but removes the water by cxtrarenal 
means. Even in health 40 per cent of the water excretion is done without the 
assistance of the kidney. A patient with complete mechanical obstruction of 
both ureters does not become dropsical. It is true that oliguria (diminished 
output of urine) is associated with renal edema, but it is a result of the edema 
and not a cause. 

Renal edema may be divided into nephritic edema and nephrotic edema. 
Nephritic edema occurs in acute glomerulonephritis. It is evidently due to an 
' inweased permeability of the capillaries, because the fluid in the tissues con- 
tains over 1 per cent of protein, a condition which Eppingcr has called *^albu- 



Fio. 294. — Albuminous fluid in the glomenilar space in a case of nephrotic edema. 

X 150. 


minuria into the tissues.^^ The capillaries of the subcutaneous tissue are 
})robably injured by the same toxins which act on the capillaries of the glo- 
meruli . 1 1 is therefore an inflanunatory form of edema. Nephrotic edema occurs 
in so-called chronic nephrosis, in the nephrotic or second stage of glomerulo- 
nephritis (wet nephritis), and In the amyloid kidney. The protein content 
of the dropsical fluid here is less than 0.1 per cent, i. c., one-tenth that of 
nephritic edema. It is evident that the mechanism of production of the 
edema must be quite different. Here there is great loss of plasma protein 
through the heavy albuminuria (Fig. 294) with particular loss of the albumin 
as shown by the reversed albumin-globulin ratio. The colloid osmotic pressure 
of the plasma is therefore diminished, and fluid is free to escape into the tissues. 

A common accompaniment of renal edema is reteiUion of chlorides, but it 
is not a primary cause of edema. There is great salt retention in anuria due 
to obstruction, when the kidneys have been removed experimentally, and in 
the third stage of glomerulonephritis, but edema does not develop, for the 
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chloride accumulates in the blood, not in the tissues. The old idea of a salt- 
retaining kidney as the cause of chronic renal edema is a myth. Although 
chloride retention is not a primary cause of edema it does act as a secondary 
one. Once edema is established the chlorides pass out into the tissues with 
the water. There is what Fishberg calls a pre-renal deviation both of water 
and salts into the tissues. Here the salt increases the osmotic pressure and 
helps to keep the water bound in the tissue spaces. This explains the very 
beneficial effect of restricting the salt in the diet. Although we have spoken 
of chloride retention it appears that salt edema is due to the sodium ion, not 
the chloride ion as is commonly supposed. It is the sodium which moves 
with the water. 

It is a curious but easily explained fact that chronic renal edema varies 
inversely with the degree of impairment of renal function. As long as a 
patient in the second stage of glomerulonephritis shows little or no sign of 
renal insufficiency, the edema is marked. When renal insufficiency develops, 
the edema disappears. The reason is that when renal failure sets in, the 
albuminuria diminishes, the blood proteins rise with an accompanying increase 
of the colloid osmotic pressure, and the fluid is drawn from the tissues back 
into the blood. 

No reference has been made to the cardiac edema which may develop in 
consequence of the increasing hypertension and cardiac failure. It is evident 
that this may materially complicate the picture which has been drawn above. 

Hypertension^ moderate in degree, occurs in about one-third of the acute 
cases. It becomes much less and sometimes disappears entirely in the second 
stage. In the third stage it forms one of the dominating features, but seldom 
attains the extreme degree seen in essential hypertension, and usually remains 
under 200 mm. The hypertension is evidently of renal origin, and it is to bo 
presumed on the basis of Goldblatt's now classical work that it is due to renal 
ischemia. It is possible that the .juxtaglomerviar apparatus may have some 
influence on the blood-pressure. This structure, as its name indicates, is situ- 
ated at the vascular pole of the glomerulus in relation to the afferent arteriole. 
Although readily recognized in any ordinary section of the kidney, it has 
escaped notice in the past. The cells contain granules, which, however, are 
only evident in perfectly fresh and perfectly fixed material. They are much 
more abundant in the animal than the human kidney. Goormaghtigh claims 
that in experimental hypertension in the dog produced by renal ischemia the 
apparatus quickly undergoes hypertrophy and shows an increase in the 
granules. It may be that this structure, \vhich closely resembles the cutaneous 
myo-arterial glomus, regulates the blood flow through the glomerulus and is 
related to hyperten.sion. Observations on human kidneys have so far been 
disappointing, and in my own material by far the largest juxtaglomerular 
apparatus occurred in a young man with normal blood-presoure. 

High blood urea, which may be taken to indicate a retention of non-protein 
nitrogen in general, is due to insufficiency on the part of the renal glomeruli. 
It is moderate in the first stage, disappears in the second stage, and may become 
extreme in the third stage. Its presence does not necessarily indicate the 
presence of nephritis, for it may be due to extrarenal causes such as the pro- 
duction of more urea than can be excreted (leukemia, etc.). Even when renal 
in origin there may be no nephritis, for in the stasis or cardiac kidney associated 
with a failing circulation the blood urea nitrogen may go to 40 or higher. If 
the congestion can be relieved, the urea drops, owing to reestablishment of the 
glomerular circulation. 

Blood cholesterol is increased in nephritis with edema. It may be very high 
in the second stage of glomerulonephritis and in nephrosis. In acute nephritis 
the increase is moderate, while in the third stage it is normal oj below normal. 
The meaning of the increase is not known. It is possibly due to some extra- 
renal disturbance of lipoid metabolism. Although associated with edema it 
does not appear to be related to it. The distinction between nephritic and 
cardiac edema is sometimes quite difficult. Here the blood cholesterol is of 
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great value, for while high in nephritic edema it is normal in the edema of heart 
failure. 

Uremia is a symptom-complex too varied in its manifestations to be con- 
sidered here in detail. (1) The symptoms may be cerebral, with excitement, 
apathy, muscular twitchings, convulsions, and coma; (2) they may be gastro- 
intestinal, with vomiting and diarrhea; or (3) they may be pulmonary, with the 
dyspnea of acidosis. The condition is evidently a toxemia, but the nature 
of the toxin is unknown. Although always associated with the retention of 
urea in the blood, it is not caused by the urea. It is probable that different 
toxic products of metabolism may be at work in different cases. Uremia is 
the final manifestation of renal failure. Occasionally it is a cause of-death 
in acute nephritis. It constitutes the usual termination of the chronic stage. 
Tiredness, both physical and mental, is a characteristic feature of chronic 
uremia. When tissues from a case of uremia are fixed in a solution of xanthy- 
drol in glacial acetic acid, masses of crystals of xanthydrol urea arc found in 
the cerebral cortex and other organs (xanthydrol reaction). (Fig. 295.) The 
brain in uremia usually shows marked edema 
(wet brain). Uremic enteritis and pericarditis 
may be found at autopsy. The entire alimentary 
qanal may be affected (dry and glazed tongue, 
foul mouth, uremic breath, stomatitis, enteritis). 

Necrotizing and ulcerative lesions are commonest 
in the lower part of the small intestine and the 
colon. Some workers believe that the lesions 
are due to urea retention; others say that they 
are unrelated to urea retention and caused by 
infection of mucosal hemorrhages (Jaff4 and 
Laing). 

Anemia is very constant, particularly in the 
second stage. Its cause is unknown. Probably 
the formation of red cells or of hemoglobin is 
interfered with. The chief fall is in hemo- 
globin, and the prognosis can be guided by 
watching the progress of that fall. 

The urinary changes have already been indi- 
cated. They depend entirely on the stage. In 
the first stage the albumin, cellular casts, and 
blood indicate the acuteness of the inflammation. 

A few red ccUs may occasionally be found in Fio. 295. — Xanthydrol 
the second and third stages, and may be taken to 
iridicate a continuation or recurrence of the in- ^ 
flammation. The albuminuria of the second 

stage has already been discussed. Anisotropic, i. e., doubly-refractive bodies, 
may be found in the urine in the second stage by means of NicoUs prisms. 
They consist of cholesterol ester, and are related to the deposits of cholesterol 
in the renal tubules. The polyuria is merely a compensatory mechanism where- 
by the failing kidney tries to excrete waste products. It has lost its concentrating 
power, and in order that the necessary amount of solids may be eliminated, 
a greatly increased quantity of fluid must be poured out. The loss of con- 
centrating power is indicated by the low and fixed specific gravity, and is largely 
due to atrophy of the convoluted tubules whose essential function is absorp- 
tion. This atrophy in turn is caused mainly by the loss of blood supply to the 
tubules. 

Perhaps the best tests for renal function are as follows: for glonaerular 
function, the urea clearance test (volume of blood cleared of urea in one minute s 
excretion of urine) ; for tubular function the diodrast clearance test for tubular 
excretion and the urine concentration test for tubular absorption. 
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NEPHROSIS 

The term nephrosis is used in two diflPerent senses. To the clinician 
it signifies a condition characterized by marked edema, massive 
albuminuria, low plasma protein and very high cholesterol, lack of 
signs of renal failure, and normal blood-pressure. This constitutes the 
nephrotic syndrome rather than a disease entity, for the pathological 
basis may vary. To the pathologist nephrosis signifies a purely tubular 
or mainly tubular degenerative lesion. Two main forms can be dis- 
tinguished, which may be called toxic nephrosis and lipoid nephrosis. 

Toxic Nephrosis. —This is also known as tubular nephritis, for it 
is the response of the tubular epitheliiun to toxic irritants. The 
toxins may be exogenous or endogenous. One of the best examples 
of an exogenous poison is mercuric chloride. The renal lesions caused 
by mercuric chloride poisoning are described on page ()33. Other 
heavy metals produce similar changes. Endogenous poisoning is seen 
in obstructive jaundice and in the toxemias of pregnancy, i. e,, per- 
nicious vomiting and eclampsia. Similar lesions may be seen in the 
infecti\'e fevers, especially those in which toxemia is marked, e. g., 
diphtheria. 

The attack falls on the specialized epithelial cells of the convoluted 
tubules. These are greatly swollen, soinetunes to such a degree that 
the lumen is obstructed, the cytoplasm is highly granular, chromatolysis 
of the nucleus occurs, and in severe casc\s the entire cell may disinto 
grate. Hyaline droplets, so-called albuminous degeneration, may be a 
striking feature in some of the tubules. 

Lipoid Nephrosis.— The majority of the patients in w^hom this 
diagnosis is made are really suffering from subacute glomeruloneph- 
ritis, who happen to present a nephrotic rather than a nephritic? [)ic*ture. 
In course of time, it may be several years, this is replaced by a picture 
of nephritis; the edema disapj)ears, the blood-pressure rises, and renal 
failure develops. In classical glomerulonephritis the glomerular capil- 
laries are obstructed; in the nephrotic phase they are hypcrperrneablc 
to protein, obstruction devek^ping later. The albuminuria is due to 
increased capillary permeability, which explains the low plasma pro- 
tein, which in turn explains the massive edema and ascites that is the 
patient’s chief complaint. 

In a few cases, mostly children, there is a picture of pure lipoid 
nephrosis, what the Germans call “genuine” nephrosis. There is no 
history suggesting an acute attack of glomerulonephritis, nor does the 
patient reach a stage of renal insufficiency. The course is marked by 
recurring exacerbations and remissions, or the patient may eventually 
recover completely. Death from pneumococcal or streptococcal peri- 
tonitis is a frequent finish. These rare cases are often regardtnl as 
being due to a primary disturbance of lipoid (cholesterol) metabolism, 
but it seems more reasonable to look to a defect (hyperpermcability to 
plasma proteins) in the renal filter. When the plasma protein of dogs 
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IS kept low by continued removal (the erythrocytes being reinjected), 
a typical picture of lipoid nephrosis develops. 

The kidneys are similar in gross appearance to those of the “large 
white kidney” of early subacute glomerulonephritis. They may show 
numerous yellow streaks and patches of lipoid. Microscopically the 
striking change is the degenerative lesions of the convoluted tubules, 
th(* cells of which contain both neutral fat and cholesterol ester, the 
latter appearing as bright, doubly-refractive bodies when a frozen 
section is examined under Nicol’s prisms. Hyaline droplets iiT the 
cytoplasm may be even more striking than in toxic nephrosis. There 
may be a generalized dilatation of the tubules, with atrophy of the 
epithelium. 

With ordinary stains the glomeruli may appear normal, but Bell has 
shown that when a connectix e-tissiie stain (aniline blue) is used, marked 
thickening of the basement membrane of the capillary loops can often 
be demonstrated. The capillaries themselves are dilated. In young 
children the majority of the glomeruli may be normal, only a few show- 
ing the characteristic lesion. The longer the disease lasts the more 
widespread and pronounced are the lesions. As the condition progresses 
the capillaries may be found to be very thick-walled and narrowed, so 
that renal insufficiency and hypertension may begin to develop. 

The essential lesion in nephrosis is therefore glomerular, a dilated 
state of the glomerular capillaries and a hyaline change in their walls. 
This allows escape of protein, which is concentrated during the passage 
of the filtrate along the tubules. The oliguria has been explained 
by Shaw Dunn on a basis of the intermittent character of the glomeru- 
lar action. In nephrotic conditions all the glomeruli are in continuous 
action and their capillaries arc dilated, so that a diminished filtrate 
is supplied to each tubule. The filtrate is supplied to all the tubules 
at once instead of to a few at a time, so that the total volume of urine 
is diminished. This appcfirs to be the best explanation of the oliguria 
at the present time. 

Rmal Lesions in Toxemias of Pregnancy,— edema of 
varying degree is found in over 60 per cent of normal pregnant women. 
This is not due to any of the usual causes of edema, and a hormonal 
etiology is suspected. A nephrotic syndrome (generalized edema and 
massive albuminuria) combined with arterial hypertension may 
develop in the second half of pregnancy, a condition known as pre- 
eclampsia. When convulsions are added the condition becomes 
eclampsia. The hypertension may subside permanently when preg- 
niincy is terminated. On the other hand even mild toxemia may be 
followed by permanent hypertension, so that the toxemia of pregnancy 
is one of the causes of permanent hypertension in the female. 

Renal lesions are present in every case. The kidneys are enlarged, 
and the cortex is swollen, cloudy, and opaque. The essential lesion 
is in the glomeruli, and may be called glomerulonephrosis, for it is 
degenerative rather than inflammatory in type. The glomeruli are 
slightly enlarged, solid, and present a solid appearance. With the 
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aniline blue connective tissue stain there is seen to be great thickening 
of the capillary basement membrane causing extreme narrowing of 
the lumen of the capillaries. In addition there is swelling of the 
epithelial cells Avhich surround the capillaries and frequently a slight 
increase in the number of endothelial nuclei. The combined glomeru- 
lar lesions, excellent illustrations of which will be found in Bell’s 
monograph on renal diseases, are so characteristic that from them a 
correct diagnosis of eclampsia can be made even in the absence of the 
hemorrhagic lesions of the liver on which so much stress used to be 
laid, and which are by no means constant. The tubules may contain 
precipitated protein, but degenerative changes of their epithelium 
are not conspicuous. In very rare cases there is the condition known 
as bilateral necrosis of the renal cortex (see page 049), in which com- 
plete cortical necrosis of both kidneys is associated with thrombosis 
of the small arteries and arterioles with resulting uremia. The other 
significant lesions of eclampsia are in the liver and placenta. The 
liver changes are described on page 520. The characteristic change is a 
premature ageing, as evidenced by syncytial degeneration, together 
with more nmnerous infarcts than are found in normal pregnancy. 
ITic convulsions appear to be due to cerebral edema. 

Eclampsia has been called “the disease of theories.” At the present 
time it is believed but by no means proved that the placenta is re- 
sponsible for initiating the train of pathological changes. The symp- 
toms, including hypertension, usually disappear after delivery. The 
placenta may produce a pressor substance which acts directly on the 
arterioles, or a toxic substance acting on the glomeruli, thus causing 
renal hj^jertension. One thing is certain, and that is that vasocon- 
stricticjn does occur, for it can be observ ed in the retinal vessels. The 
segment of any vessel distal to an area in spasm is known to dilate and 
become more permeable. Through the walls of such a segment diapede- 
sis of red cells will occur and plasma will pour out. This is the probable 
basis of many of both the lesions and symptoms. If the vasocon- 
striction and hypertension persist for more than a few weeks, perma- 
nent vascular changes may develop and the hy pertension becomes 
irreversible. A full discussion of the problem will be found in the 
monograph by Dexter and Weiss. 

ARTERIOLAR NEPHROSCLEROSIS 

The condition of essential hypertension may be accompanied by 
degenerative and fibrotic changes in the kidneys. These changes were 
originally included under the heading chronic interstitial nephritis, but 
when they came to the differentiated from chronic glomerulonephritis, 
they were given such names as the hypertensive kidney, the arteriolo- 
sclerotic kidney and arteriolar nephrosclerosis. The latter term de- 
scribes a process, just as do glomerulonephritis and nephrosis, and 
therefore seems preferable. The condition has long been known as the 
primary contracted kidney, in contrast to the secondary contracted 
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kidney of glomerulonephritis. Both were originally included under the 
term granular contracted kidney. 

Essential hypertension may continue for twenty or thirty years 
without any evidence of renal involvement, the patient usually dying 
of one of three causes dependent on the prolonged hypertension: 
(1) congestive heart failure, (2) coronary sclerosis, (3) cerebral hemor- 
rhage. If he survives these accidents he may gradually develop 
symptoms of renal insufficiency and finally die of chronic uremia. 
Such cases are known as benign hypertension and the renal lesions 
are those of benign nephrosclerosis. In a younger group of patients 
the hypertension may develop rapidly and pursue an acute and fatal 
course reckoned in months rather than years. This is the group of 
malignant hypertension, constituting about 10 per cent of the whole, 
and the renal lesions are those of malignant nephrosclerosis. The 
patient may or may not die of acute uremia. From a careful study 
of the kidney the pathologist should be able to form some opinion 
as to whether the patient did or did not suffer from essential hyper- 
tension, whether the hypertension was of the chronic or the acute 
type, and if the latter whether or not death was due to acute renal 
failure. 

The primary renal lesion, which we believe to be the result of the 
high blood-pressure, is arteriolosclerosis (arteriolar sclerosis), causing 
ischemic atrophy of the glomeruli and tubules resembling that seen in 
chronic glomerulonephritis. The word arteriole is used, in different 
senses by different workers. It is important to realize this, because it 
serves to explain the differences in the statistical results of different 
workers, such for instance as the frequency of renal arteriolosclerosis in 
hypertension. Some confine it to the afferent and efferent arterioles, 
whilst others include the distal portions of the interlobular arteries, 
that is to say the vessels contained within the true cortex, as con- 
trasted with the interlobular arteries in the medulla. Either system 
is justifiable, but for the discussion of arteriolosclerosis it is more 
convenient to use the word arteriole in the wider sense, i. e., as synon- 
ymous with small arteries. 

Hypertension and nephrosclerosis are not synonymous. Arteriolo- 
sclerosis of the afferent arterioles always indicates hypertension, but 
hypertension may be present without sclerosis of these vessels in 10 per 
cent of cases before renal insufficiency has developed. If the inter- 
lobular arteries and afferent arterioles are taken together, sclerosis is 
present in 100 per cent of hypertensives, but it is also present in 
many elderly persons without hypertension. In cases of hypertension 
with renal failure sclerosis of the afferent arterioles is always present. 
Benign hypertension and benign nephrosclerosis are therefore not 
necessarily related, but hypertension acts as an accelerating factor. 
On the other hand malignant hypertension and malignant nephro- 
sclerosis show a definite correlation, so that malignant nephrosclerosis 
may be regarded as the renal end-stage of malignant hypertension. 
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Benign Nephrosclerosis.— The gross appearance of the kidney de- 
pends on the duratkni and intensity of the vascular lesions. The 
kidney may appear normal even though there are marked microscopic 
lesions. Bell and Clawson found smooth kidneys in 75 per cent of 
cases of essential hypertension, although hyaline arteriolosclerosis was 
present in 97 per cent. In cases of long standing the kidney may be 
small, hard, and granular; this is the primary contracted kidne;\', and 
it inaA' be greatly shrunken. The surface is (covered with little granules 
produced by an alternation of pale nodules and red depressed portions. 

The red color is due to atrophy 
of the cortex which allows the 
underlying vascular tissue to 
shine through. Small cysts of 
the surface are common. T\w 
cut surface shows irregular 
atrophy of the cortex and loss 
or distortion of the cortical vas- 
cular markings. The small arter- 
ies, especially those at the base 
of the pyramids, are thick-walled 
and gape. The gross appearance 
may closely resemble that of the 
granular contracted kidney of 
chronic glomerulonephritis, but 
in the latter condition the gran- 
ules on the surface tend to be 
finer owing to the diffuseness of 
the lesions, and the arterial 
lesions are not so evident. 
Greater shrinkage is possible 
than in glomerulonephritis, 
because the remaining glomeruli, 
being normal, are able to carry 
on renal function and maintain 

life. Often the distinction is im- 
Fig. 296. —Hyaline thirkeniiiK of afTcr- rincuil Ip 
erit arteriole in nephrosclerosis with great i’ • • • i • • 

narrowing of the lumen. X 225. 1 hc baSK! vncroscopir iesum IS 

arterial and arteriolar sclerosis. 
The vascular changes of hypertension have already been described in 
detail on page 408. When the hypertension is of gradual develop- 
ment and long continued, the so-called benign form, two character- 
istic lesions develop in the renal vessels. I'hese are hyaline degenera- 
tion and elastic hyperplasia. Similar changes are foutul in the arteries 
of other organs, but not to the same degree nor with the same frequency 
as in the kidney. Hyaline degeneration is best seen in the smallest 
vessels, such as the afferent and efferent arterioles. It is at first a 
smooth acidophilic thierkening of the subintimal tissue, but in course 
of time it may involve the entire thickness of th(^ arterial wall, leading 



PLATE XVII 



Arteriolar Nephrosclerosis. 

Thickening and narrowing of the arterioles, atrophy and Bhrosis of the glomeruli, 
degeneration of some tubules, and gradual disappearance of the remainder. One glomerulus 
is normal, one is shrunken, one is completely fibrosed, and one shows thickening of 
Bowman’s capsule. (Azo<'armine.) 
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to extreme or complete obliteration of the lumen. (Fig. 296). Fat is 
deposited in the degenerated tissue, so that in frozen sections stained 
with Scarlet lied the arterioles may appear as thick red rings. The 
larger arteries are often the seat of atherosclerosis. Elastic hyyerplasia 
or elastosis is most marked in the larger arteries, but some degree of 
it may be apparent in the arterioles. When the section is stained with 
an elastic tissue stain it is seen that the internal elastic lamina is split 
into a number of layers, and the greater part of the thickened intima is 
composed of elastic fibers, with resulting narrowing of the lunTen. 
(Fig. 297.) 



Fig. 297. — Flastic intimal thickening. Marked thickening of the inner coat with redupli- 
cation of the internal elastic lamina. (Elastic tissue stain.) X ^25. 

The vascular lesions may remain the only lesions for a considerable 
time if the lumen of the small arteries and arterioles, the really sig- 
nificant vessels, is not materially narrowed. When such narrowing 
occurs, ischemic changes follow. Lesions of afferent arterioles affect 
individual glomeruli whilst lc:;ions of larger vessels affect groups of 
glomeruli and tubules. 

Closure of the arterioles leads to ischemic changes in the glomeruli 
which they supply. There is great thickening of the basement mem- 
brane (best shown by a connective tissue stain), and the entire tuft 
becomes converted into a hyaline mass. (Plate XVII.) At the same 
time the connective tissue of Bowman’s (!aj)sule becomes markedly 
thickened, eventually fusing with the hyaline tuft and obliterating the 
capsular space. The corresponding tubules atrophy owing both to 
disuse and ischemia. 
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Closure of the arteries cuts off the blood supply to areas of cortex of 
varying size, so that wedge-shaped patches of atrophy are seen here 
and there. (Fig. 298.) In these areas both glomeruli and tubules have 
disappeared, whilst between them the tubules are normal or dilated 
and the epithelial lining hypertrophied. This hypertrophy and dilata- 
tion ( Vcompensatory) is specially marked when renal insuflSciency has 
developed, and is always suggestive of that condition. The alternation 
of atrophic and hypertrophic areas is responsible for the sometimes 
coarse granularity of the surface. 

The arterioles of other organs may show similar changes, though not 
to the same degree as in the kidney. Mention may be made of the 
spleen, pancreas, capsule of the adrenals, liver, and brain in that order 
of frequency. The small vessels of the voluntary muscles are seldom 
affect^ in the ordinary benign form of hypertension. 

Malignant Nephrosclerosis: the 



Fio. 298. — Benign nephrosclerosis, 
showing a patch of atrophy with dilated 
tubules on either side. X 60. 


Kidney of Malignant Hyperten- 
sion.— In over 90 per cent of cases 
of essential hypertension there is 
no serious impairment of renal 
function, at least for a long time. 
If the patient escapes death from 
cerebral hemorrhage or cardiac failure 
he may eventually die of uremia. 
In these cases autopsy will reveal 
very extensive damage to the renal 
parenchyma, as might be expected 
But there is another group of cases 
in which at a younger age period 
(usually in the thirties and forties, 
.sometimes in the twenties) the 
patient develops an acute and pro- 
gressive renal insufficiency. The 
blood-pressure is very high, but 
death is likely to be due to uremia. 
In some cases the patient dies before 


the onset of uremia. Hypertensive 


retinopathy, characterized by edema of the disc and retina and retinal 
exudates, also serves to distinguish malignant hypertension from benign 


hypertension with gradual renal failure. The clinical condition is one 
of malignant hypertension, and the corresponding renal lesions are 


those of malignant nephrosclerosis. 

The gross appearance may be sufficiently characteristic to enable a 
diagnosis to be made with the naked eye. As a rule the kidney is of 


normal size and may even be enlarged whilst the surface is smooth; 
the tempo of the process has been too fast for atrophy to develop. Some- 
times sufficient time has elapsed for it to become contracted and 
granular. Not infrequently the two kidneys differ markedly in size. 
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The surface may be covered with hemorrhages, usually large and 
blotchy (Fig. 299), sometimes small and petechial. 

Microscopically the significant lesions are again in the vessels, and 
again they are two in number, namely, cellular hyperplasia and arterio- 
lar necrosis. Cellular hyperplasia, also called productive endarteritis 
and hyperplastic arteriolosclerosis, is the hallmark of rapidly develop- 
ing hypertension. The walls of the smaller arteries are thickened by a 
concentric cellular proliferation, so that they may present an ‘'onion- 
skin” appearance. In some * 
cases the hyperplasia may 
be mainly in the intima, so 
as to deserve the term endar- 
teritis, but in others it is 
external to the elastic 
lamina, and is therefore a 
thickening of the media. 

When the process is less acute 
the new tissue may become 
collagenous. Fatty degen- 
eration may be marked in 
frozen sections. Elastic 
hyperplasia is not a special 
feature. Arteriolar necrosis, 
also called necrotizing ar- 
tcriolitis, is best seen in the 
afferent arterioles. Nuclear 
detail is lost, the elastica 
disappears, the wall stains 
brightly with eosin, and its 
limits become indistinct as if 
red paiAt had been smudged 
across it. (Fig. 300.) Aneu- 
rismal dilatation may occur, 
the necrotic wall is infiltrated 
with red cells, and hemor- 
rhage is common. Arterio- 
lonecrosis is not nearly so common as productive endarteritis, and 
its significance is different. It is usually an indication of renal 
failure, although this is not invariably the case. It appears to be a 
product of rapid severe hypertension coupled with the action of toxic 
retention products. 

The various forms of arterial change may not present the clean cut 
picture of a text-book description; thus intimal and medial cellular 
proliferation may blend so that they cannot be distinguished sepa- 
rately. The important thing is to recognize hyperplastic small arteries 
and arterioles. In the chronic long-drawn-out cases the characteristic 
feature is hyalinization; in the more acute and rapid (malignant) forms 
40 
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the small arteries stand out prominently as thick-walled cellular 
structures with narrowed lumen. 

The renal parenchyma does not show the advanced atrophy that is 
seen in the benign form owing to the quickened tempo. There are 
two features which are characteristic of renal failure and are therefore 
present in malignant nephrosclerosis, namely, focal degenerative 
glomerulitis and tubular dilatation with hyperplasia of the epithelial 
cells. Two features may often be observed in cases marked by rapid 
renal failure. These are focal glomerulitis and tubular dilatation with 
hyperplasia of the lining cells. Focal glomerulitis is characterized b.>^ 
fusion and necrosis of the capillary loops, swelling, degeneration (fatty, 
hx'aline droplets,^ or necrosis) of the epithelium covering the tuft, and 

the formation of fibrinous 
adhesions between the gloiiu*- 
rular loops and the lining of 
Bowman’s capsule. There 
may be patchy necrosis of 
the tuft with hemorrhage 
into the capsular space. 
Focal glomerulitis character- 
ized by proliferation rather 
than degenerative changes 
(proliferatioji of epithelium 
of tuft and capsule and also 
of capillary endothelium) is 
encountered in advanced 
cases of benign nephroscle- 
rosis, in chronic pyeloneph- 
ritis, and even in elderly 
individuals in whom there 
is marked reduction in the 
renal parenchyma. It has 
been suggested that these 
glomerular changes are due to an excessive work demand (m the 
remaining glomeruli (Gross and iVIorningstar). Tubular hyperplasia, 
probably compensatory in character, when present in marked degree 
is excelient evidence of renal failure. It is most marked in chronic 
glomerulonephritis, is quite pronounced in malignant hypertension, 
and may be present in lesser degree in benign hypertension if the 
stage of renal failure is reachecl. Fatty and hyaline droplet degen- 
eration of the remaining tubules is common. 

Other organs may show the characteristic hyperplastic arterioloscler- 
osis and artericjlonecrosis. These are most frequently seen in the fatty 
capsule of the adrenals or in the glands themselves, but they are also 
present in the pancreas, retina and brain. In the retina they may be 
responsible for the lesions of hypertensive retinopathy and in the 
brain for those of hypertensive encephalopathy. 
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Shapiro, as the result of injecting the kidneys in malignant nephrosclerosis 
with India ink, is of the opinion that the ischemia is functional, not organic, 
for the necrosed glomeruli were found to be filled with blood. He considers 
the glomerular condition to be one of hyperemia with retardation or complete 
stasis, similar to what happens in inflammation. The ink remains in the 
glomeruli, but hardly any reaches the efferent arteriole. It would appear 
that many apparently ischemic pictures are agonal or postmortem artefacts 
(Ricker). 

The main features by which in characteristic cases malignant hyper- 
tension can be distinguished from the benign form are as follows. In 
malignant hypertension a relatively young person develops an unusu- 
ally high blood-pressure (over 200 mm. Ilg), papilledema is a constant 
feature, hematuria is common, and death is usually due to acute 
uremia. The kidneys are of normal size or only moderately con- 
tracted, and may show hemorrhages on the surface. The significant 
microscopic features are cellular hyperplasia, arteriolonecrosis, focal 
glomerulitis and tubular hyperplasia, the corresponding features in 
benign hypertension being elastic intimal hyperplasia, hyaline arteriolo- 
sclcrosis and hyalinization of the glomeruli. 

The Senile Arteriosclerotic Kidney.— From the pathological point 
of view this condition might be called senile nephrosclerosis, but it is 
such miles away functionally and clinically from true nephrosclerosis 
(the arteriolosclerotic kidney) that it would be confusing and rather 
misleading to give it that name. In persons over the age of fifty in 
whom the aorta and its larger branches show atherosclerosis, the 
kidneys are often contracted and grossly scarred. The condition might 
be called the scarred contracted kidney. The scars appear on the 
surface as depressions and give an impression of old infarcts. If the 
vascular lesions are more diffuse the kidney may be coarsely granular. 
The renal artery is markedly atheromatous, with narrowing of the 
lumen of some of its branches. 

The microscopic picture corresponds to the gross appearance. Owing 
to atheromatous narrowing of the larger branches of the renal artery 
there are wedge-shaped areas of fibrosis where the glomeruli are 
completely hyalinizcd, and the tubules have disappeared and been 
replaced by fibrous tissue. The wedge-shape is caused by the fan-like 
distribution of the vessels. (Fig. 301.) The condition has no relation 
to hypertension, so that the arteriolar lesions characteristic of that 
state are not seen. The intervening tissue between the sclerotic areas 
is normal. 

The Relation of Ssrmptoms to Lesions in Nephrosclerosis.— In the senile 
arteriosclerotic kidney there is no hypertension and no renal insufficiency. 
The kidney is withered and scarred, but, as Clifford Allbutt puts it, it is “a 
starved but not a corrupt kidney, sufficient for the smaller life of an elderly 
man.^' It is not the result of essential hypertension, and as the remaining 
parenchyma is healthy, there is no danger of renal insufficiency. 

In benign nephroseCerosis the patient may live for many years with no sign 
of renal involvement. Sooner or later there will be a lowering of the specific 
gravity of the urine, a loss of the concentrating power of the kidney owing 
to atrophy of the convoluted tubules from loss of their blood supply, and the 
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appearance of small quantities of albumin and occasional granular and hyaline 
casts. Such a kidney will show sclerosis of many glomeruli and disappearance 
of the corresponding tubules, but the remaining parenchyma can still be 
whipped up to perform the work of excretion, as is indicated by hypertrophy 
of the residual parts, so that there is compensated renal hypofunction but no 
true insufficiency. If the patient lives long enough the advancing nephro- 
sclerosis will destroy the last remnants of parenchyma and true insufficiency 
will develop, but as a rule the overstrained vessels in the brain will burst, 
the laboring heart will suffer defeat, before symptoms of uremia have time 
to appear. 



Fig. 301. — Wedge-shaped area of sclerosis in senile arteriosclerotic kidney. X 75. 

In malignant nephrosclerosis the patient may rapidly lose weight. Retinal 
lesions (edema, hemorrhage and patches of exudate) may be the first indication 
of the gravity of the condition. It is probable that arteriolar spasm, which 
may be observed directly in the retinal vessels, is a factor of primary importance 
in the production of many of the widespread lesions. As has already been 
pointed out in connection with eclampsia, spasm of an arterial segment is 
accompanied by dilatation of the segment immediately distal, and through the 
wall of the dilated segment diapedesis of red blood cells may occur and large 
quantities of plasma be poured out, giving rise to edema. This is the basis 
of the retinal lesions, and probably of the lesions responsible for such symptoms 
of hypertensive encephalonathy as transient paralysis, convulsions and finally 
coma. There is soon evidence of renal failure, the concentrating power of the 
kidney is lost, the specific gravity of the urine falls though never to the extreme 
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low limits of chronic glomerulonephritis, being seldom below 1.010, albuminuria 
may be marked and casts are constantly present, there may be red blood cells 
in the urine, the non-protein nitrogen is retained in the blood, and the patient 
dies of uremia. These lesions are due to the rapidly produced ischemic lesions 
of the glomeruli. The presence of the red cells in the urine is explained by the 
hemorrhage into the capsular spaces, which in turn is due to the necrotic 
lesions of the glomeruli and afferent arterioles. 

The Relation of the Kidney to Hypertension. — Renal lesions of an ischemic 
nature may cause hypertension. This is seen in the secondary hypertension 
which develops in the course of glomerulonephritis. Goldblatt’s production 
of persistent hypertension by means of experimental renal ischemia proveAhe 
same thing. Houssay found that transplantation of an ischemic kidney into 
an animal from which both kidneys had been removed was followed by per- 
sistent hypertension. Hypertension of renal origin can be produced by the 
method of Page, which consists of wrapping the kidney in cellophane. This 
soon produces a tight-fitting fibrous hull or envelope which compresses the 
renal parenchyma. Hypertension develops in about four weeks after applica- 
tion of the wrapping, even though the wrapping is unilateral. It is well known 
that chronic pyelonephritis may be associated with hypertension, and in rare 
instances only one kidney may be involved, so that nephrectomy is possible. 
An unusually dramatic case is that reported by MacKay and his associates 
at the Toronto Western Hospital. A calculus was removed from the kidney 
of a young man with normal blood-pressure. The wound became infected, 
and four weeks after operation he developed very severe cerebral symptoms 
and marked hypertension (200/140 mm. of mercury). A second operation 
showed the kidney to be surrounded and compressed by a tight-fitting hull 
of fibrous tissue. When this was removed the symptoms promptly disap- 
peared, and the blood-pressure returned to normal where it has remained for 
a number of years. 

The renal pressor substance, renin, appears to be contained in the proximal 
convoluted tubules, not in the distal tubules nor in the juxtaglomerular group 
of cells (Friedman and Kaplan). Differentiation between the two groups 
of tubules can be accomplished by injection of sodium tartrate, which produces 
necrosis of the proximal but not of the distal tubular epithelium. 

The distinction between the renal hypertension of glomerulonephritis and 
primary hypertension may be easy for the clinician if the patient has been 
under observation for a considerable period. In the primary form high blood- 
pressure develops early, whilst renal insufficiency is a late manifestation. 
Papilledema (in the malignant form), cerebral hemorrhage, coronary heart 
disease, and congestive heart failure are common features. In glomeruloneph- 
ritis hypertension develops gradually pari passu with renal insufficiency, and 
marked secondary anemia is an early feature. If the patient is seen only after 
uremia has developed it may be very difficult to make the distinction. 

The pathological distinction may be easy or difficult. In nephrosclerosis the 
lesions are much more patchy than in glomerulonephritis, and the remaining 
glomeruli are unaffected. Epithelial crescents, which may be fibrosed, indicate 
glomerulonephritis. The arterial lesions of nephrosclerosis, both benign and 
malignant, are characteristic. A rerious difficulty is presented by the fact that 
hypertension in the uremic stage of glomerulonephritis may cause vascular 
lesions identical with those of malignant nephrosclerosis. In both diseases a 
vicious circle may be established. Hypertension leads to arteriolosclerosis, 
this produces ischemic lesions, and these in turn may intensify the hyper- 
tension. This is true also of chronic pyelonephritis. 

It is evident that renal lesions can produce hypertension. The mystery of 
essential or primary hypertension, however, still remains unsolved. Goldblatt 
has produced a condition apparently identical with essential hypertension in 
the dog by means of bilateral experimental ischemic lesions of the kidneys. 
The success of Wilson and Byrom with the rat is even more significant, for by 
means of unilateral renal ischemia they were able to produce persistent hyper- 
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tension together with the lesions of malignant nephrosclerosis in the other 
kidney, a condition which progressed even after the ischemic kidney was 
excised. Against this imposing mass of exj^rimental evidence is the fact that 
a person may have benign hypertension without vascular renal lesions other 
than those incidental to any person of the same age. Even if specific vascular 
lesions are present there may be little or no vascular occlusion with consequent 
renal damage. In view of the vast bulk of normal kidney tissue remaining it 
does not seem likely that any minimal lesions which may be present could 
produce so striking a change in the blood-pressure. It is improbable that 
primary renal vascular disease is a common cause of hypertension in man. 
The kidney is the victim rather than the culprit. It appears more probable 
that essential hypertension is due to an unknown extra-renal factor, but that 
in the later stages a renal component (ischemia) plays a part as the vicious 
circle develops. It is possible that studies on the juxtaglomerular apparatus 
ma}’’ throw further light on the problem. 

Intercapillary Glomerulosclerosis.— A 
peculiar and distinctive degenerative 
glomerular lesion has been described by 
Kimmelstiel and Wilson occurring in 
long-standing cases of diabetes often 
associated with benign hypertension, 
particularly in persons over forty years 
of age. In the center of the tuft or 


Fio. 303. — Kidney in multiple myeloma; 
cast with aiant cells. X 150. 

in the center of one of the lobules there is a sharply localized hyaline mass 
suggestive of amyloid disease. (Fig. 302.) This is the result of a broadening 
of the intercapillary connective tissue. Although hypertension is usually 
present, it is not a necessary part of the clinical picture. The lesion is the 
most reliable criterion for the histological diagnosis of diabetes in persons 
over the age of forty. A hyaline substance, often rich in lipoid, may be de- 
posited in the capsular space. Marked arteriosclerosis with much fatty 
degeneration of the arterial wall is commonly present. The clinical picture 
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may be nephrotic in type with massive albuminuria and marked edema, ending 
in uremia; in mild cases there are no renal symptoms. Although advanced 
lesions are found only in diabetes, they occur in less than 50 per cent of the 
(jases, and mild lesions may be seen in old persons apart from diabetes, although 
these may be hard to distinguish from the more diffuse lesions of nephrosclerosis. 

Multiple Myeloma. — In this widespread disease of bone the patient may 
develop anuria and die of uremia. At autopsy the renal glomeruli are normal, 
but the tubules are either atropied or filled with peculiarly dense firm casts, 
which may excite a foreign body giant-cell reaction. (Fig. 303.) In this disease 
the urine may contain a peculiar form of protein known as Bence-Jones pro- 
tein, and it is this which forms the casts. The tubular atrophy is causea by 
obstruction. Apparently the uremia has an obstructive basis. 

Transfusion With Incompatible Blood. — When a donor of the wrong group is 
used for blood transfusion, the patient shows marked hemoglobinuria, and may 
develop anuria and die of uremia. Hematin casts are found in the renal tubules, 
apparently depending on acidity of the urine. The anuria has been attributed 
to these casts, but as they may be negligible in amount in fatal cases it seems 
probable that there is some other explanation. The presence of blood pigment 
casts in the tubules is valuable evidence that the blood used in the transfusion 
was incompatible. 

Crush Nephritis. — What has been called the crush syndrome is a mysterious 
condition which has appeared as the result of air raids. The patient is buried 
under a mass of masonry and sustains crushing injuries to the muscles, and a 
few days later anuria develops, followed by death from uremia. At autopsy no 
lesions have been detected in the glomeruli, but degeneration is present through- 
out the whole tubular system, most marked in the ascending limb of Henle 
and the second convoluted tubule. The epithelium shows degeneration, 
necrosis and regeneration. Pi^nent casts similar to those of incompatible 
blood transfusion are present in the collecting tubules. There may be an 
inflammatory reaction around the casts and desquamated epithelium. Similar 
renal lesions in patients dying of uremia have been described in war injuries. 
It has been suggested by By waters, who did the original work on crush neph- 
ritis, that the renal failure was due to blockage of the tubules by myohemo- 
globin casts, this jiigment being derived from the injured muscle. These 
casts are of diagnostic value, but they are not present in sufficient number 
to make tubular blockage a probable explanation of the anuria. It seems 
more likely that renal anoxia due to hemorrhage, hypotension and other 
factors, damages the sensitive renal epithelium, with resulting renal failure. 

Sulphonamide Nephritis.— The most important cause of death in patients 
treated with the sulphonamides is anuria and renal insufficiency. In many 
cases this is due to a state of natural or induced hypersensitivity to the drug 
(Rich). The general subject of sulphonamide allergy is discussed on page 
145. The two striking renal lesions are a nephrotic degeneration of the epithe- 
lium of the convoluted tubules and a focal interstitial nephritis. (Fig. 304.) 
The anuria may be attributed to the tubular lesions, which are similar to those 
seen in incompatible blood transfusion and the crush ^ndrome. It is from the 
interstitial lesion that the pathological diagnosis can be made. There are 
small areas of focal necrosis, associated with which are collections of inflam- 
matory cells, chiefly macrophages, plasma cells, and often large numbers of 
eosinophils, the latter always suggestive of an allergic lesion. 

Renal Anoxia.— Renal failure, usually associated with oliguria, may develop 
in a bewildering variety of extrarenal conditions in which it may prove a fatal 
factor. Examples of such conditions are shock, burns, trauma, intestinal 
obstruction, incompatible blood transfusion, blackwater fever, and the crush 
syndrome. It may develop as the result of crush injuries to the liver and 
operations on the gall-bladder, in which case it is known as the kepaUhrenal 
syndrome. It has occurred in war injuries without crushing. The onset of 
oliguria is often the first symptom, and is alw^ays a sign of ill-omen. The 
condition has been called the renal syndrome, traumatic uremia, extrarenal 
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uremia, etc., but a better name is urgently needed. As the most constant 
etiolo^cal factor appears to be diminution of the renal circulation, Maegraith 
and his associates have suggested the name renal anoxia. A similar syndrome 
with similar renal lesions is produced by temporary constriction of the renal 
artery. The renal anoxia has been attributed to arterial hypotension and 
vascular spasm. It must be borne in mind that experimentally the renal blood 
flow may vary independently of the general blood-pressure, so that the latter 
may be normal though the renal pressure has fallen to a dangerously low level. 



Fig. 304. — Sulphonamidc nephritis. Note the focal interstitial nephritis and 
marked degeneration of tubular epithelium. X 240. 


Trueta and his associates in a series of beautiful experiments using both 
injection of dyes and radiographic technic have thrown entirely new light 
on the possible mechanism of production of renal anoxia. They have shown 
that a variety of noxious agents, acting apparently through the nervous system, 
may cause the blood to be diverted from the renal cortex and short-circuited 
through the medulla. The capacity of the vascular channels in the medulla 
is potentially large enough to transmit the entire renal inflow, thus rendering 
the cortex ischemic. In many of the conditions enumerated above there 
may be a renal defense mechanism whereby the cortex is spared exposure to 
toxins by means of this short-circuiting mechanism. If this is continued too 
long, permanent cortical damage results from anoxia. It may be that in 
conditions associated with decreased blood volume, such as hemorrhage and 
shock, the same mechanism may come into play to prevent further loss of 
fluid from the already reduced circulating blood volume. 

The kidneys are enlarged, the cortex is pale and swollen and the medulla 
engorged. The chief lesions are in the ascending loop of Henle and the distal 
convoluted tubule. The epithelial cells of these tubules are degenerated and 
necrosed, and the lumen blocked by desquamated epithelial casts and debris 
stained by urinary pigments. The glomeruli are normal. The vessels of the 
medulla are greatly congested and there is hemorrhage into the tubules, so 
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that hematuria may occur. In the later stages the tubules are dilated and 
lined by a debased type of epithelium through which the fluid of the urine 
escapes back into the surrounding capillaries due to the osmotic pressure of 
the blood plasma, so that it is no longer free to enter the bladder. 

Mercuric Chloride Poisoning. — 

This is usually due to accidental or 
suicidal poisoning, sometimes to 
vaginal douching. Anuria rapidly 
develops, the nonprotein nitrogen in 
the blood rises, and death may occur 
from uremia. In some cases there 
is hypertension. If the patient does 
not die of uremia the anuria is fol- 
lowed by diuresis, the first urine being 
of low specific gravity. When death 
takes place after two or three days 
the kidneys present a picture of acute 
nephrosis. They are swollen and 
pale, there is extensive necrosis of 
the epithelium of the convoluted 
tubules, and the necrotic cells become 
detached and block the lumen of 
the tubules, thus accounting for 
the anuria. Acute calcification of 
the necrotic cells is not uncommon. 

(Fig. 305.) By the end of a week 
the tubules may be clear, yet the 
anuria persists. Apparently the glo- 
merular filtrate escapes back through 
the bare walls of the tubules into the interstitial tissue, so that none of 
it reaches the bladder. This mechanism can be demonstrated in the kidney 



Fiq. 305. — Corrosive sublimate poison- 
ing. Acute calcification of the epithelium 
of the renal tubules. The two dark 
masses represent calcified cells. X 300. 



Fig. 306. — Mercuric chloride poisoning. A, early; B, late. X 250. 

of the frog poisoned with mercuric chloride (Richards). After the first week 
the tubules become relined with low, darkly-staining epithelium which is of 
little use for absorbing water and concentrating the urine. (Fig. 306.) The 
new epithelium gradually develops into a fully formed and functioning 
lining for the tubules. 
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Renal Osteodystrophy.-- In this condition, known also as renal infantilism 
and renal dwarfism, there is an association of hypoplasia and fibrosis of the 
kidneys in children with defective ^owth and changes in the bones. In all 
cases there is dwarfism, and infantilism when the patient reaches puberty, 
but in only about two-thirds of the cases do the bone lesions develop. These 
lesions are osteoporosis, extensive deformities at the epiphyses, and bowing 
of the shafts. To these changes the name of renal rickets is often applied. 
They are supposed to be due to the renal insufficiency, which results in retention 
of phosphorus, upset of the calcium-phosphorus ratio, and acidosis. Decalci- 
fication occurs in the presence of acidosis and phosphorus retention. The 
essential defect is inability to excrete phosphorus. The blood may show 
marked lipemia and some nitrogen retention, but the blood calcium is said 
to be normal . Sometimes hypertension is present. The kidneys are contracted 
and fibrosed, and show marked arteriosclerosis. It is probable that the com- 
mon cause of the contracted kidney is pyelonephritis in early childhood. It 
is possible, however, that in some cases the primary defect may be endocrine 
(parathyroid or pituitary) rather than renal in origin, in which case the renal 
lesions must be regarded as secondary. Price and Davie after weighing two 
views define the condition as “a disease of childhood characterized by skeletal 
demineralization with resultant deformities, and associated with chronic 
renal disease which in uncomplicated cases terminates in uremia.^' The final 
result may be the same from whichever end one starts. 


OTHER FORMS OF NEPHRITIS 

Kidney in Bacterial Endocarditis. — This condition has been known 
in the past as embolic glomerulonephritis, in the belief that the neph- 
ritic lesions were due to minute emboli from the vegetations of sub- 
acute bacterial endocarditis. This is not correct. It is true that the 
commonest lesions are infarcts, which present the usual appearance. 
Scattered over the surface there may be great numbers of small red 
spots, giving it the name of the “flea-bitten kidney.“ These represent 
small hemorrhages into the glomerular spaces. The glomerular lesions 
may be diffuse or focal. The chief diffuse lesions are proliferation of 
the capillary endothelium, so that the tuft has a more cellular appear- 
ance than normal, and thickening of the capillary basement mem- 
brane. The focal lesions are less common, but are much more striking, 
and indeed are pathognomonic. The lesion takes the form of a patch 
of coagulation necrosis in the tuft which is readily recognized. (Fig- 
307.) The lumen of the glomerular capillaries is filled with hyaline 
thrombi, similar to the material which blocks the vessels in acute 
glomerulonephritis (Bell). 

The focal lesions are responsible for the hematuria which is so 
valuable a diagnostic feature in subacute bacterial endocarditis. Much 
more frequent, however, are widespread proliferative glomerular lesions 
mild in degree and involving both endothelial and epithelial cells. 
There may also be some hyaline thickening of the capillary loops. 
Apart from some albuminuria it is unlikely that these lesions produce 
any symptoms. 

Hemorrhage takes place into the glomerular space owing to necrosis 
of the capillary loops, but the blood is more readily seen in the tubules 
than in the space, for it is washed out by the flow of urine. If the 
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necrotic part of the tuft comes in contact with the capsule there may 
be a localized proliferation of the capsular epithelium with the forma- 
tion of a kind of epithelial crescent. Or adhesions may form between 
the tuft and capsule. If the patient lives long enough there will be 
healing and fibrosis. 

The only symptom is the presence of red blood cells in the urine. 
As so few glomeruli are involved there is no danger of renal insuffi- 
ciency. In the exceptional case which may die of uremia it will be 
found that a true diffuse glomerulonephritis has been added. 



Fig. 307. — Cllomerular lesion in subacute bacterial endocarditis. The upper part of the 
tuft is completely necrotic. X 300, 

Focal Nephritis. — The glomerulonephritis of Bright^s disease is diffuse. 
There may also be a focal nephritis; (focal suppurative nephritis, i, c., multiple 
embolic abscesses, is not considered here) . The condition is usually called focal 
glomerulonephritis, but it differs so fundamentally from glomerulonephritis 
that it seems better to call it focal nephritis, thereby avoiding confusion. 
It complicates an acute infection, usually tonsillitis or streptococcal sore throat, 
sometimes pneumonia, typhoid or malarial fevers. At the height of the infec- 
tion, not two weeks after the infection as in the glomerulonephritis of Bright’s 
disease, the patient develops blood in the urine with albumin and numerous 
casts. As the infection subsides, the symptoms clear up. There is actual 
bacterial. infection of the kidney, thus again differing from diffuse glomerulo- 
nephritis. The microorganisms can be found both in the urine and in sections 
of the kidney. Mild cases occur in which no definite focus of iiffection can be 
found, yet the patient suffers from recurring attacks of hematuria. It is prob- 
able that many cases of so-called '^essential hematuria** are really examples 
of mild focal nephritis. 

The kidney shows small hemorrhages on the surface, and on the cut surface 
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the glomeruli appear as red points. Microscopically the chief lesion is hemor- 
rhage into the capsular space of many of the glomeruli. This explains the 
constant presence of blood in the urine. There may be sniall foci of inflamma- 
tion in parts of the tuft, with some endothelial proliferation and accumulation 
of leucocytes. The tubules may show a little degeneration and contain blood. 
The great bulk of the parenchyma is untouched, so that there is no renal 
failure, no hypertension and no edema. 

Acute Interstitial Nephritis.-— This rare condition bears no relation to the 
other forms of nephritis. It occurs as a complication of the acute infectious 
fevers, especially scarlet fever and diphtheria. There is an acute inflammation 
of the interstitial tissue which is packed with l3^phocytes, plasma cells, and 
a few polymorphonuclears. Yet the glomeruli and tubules remain intact. 
The inflammation is not diffuse, but is confined to definite areas. No bacteria 
are found in the lesions. Kimmelstiel believes that the condition represents an 
allergic reaction to foreign proteins rather than a bacterial infection. It can 
be produced by rej^ated injections of any non-bacterial protein such as serum 
or egg white, and is found in conditions associated with hemolysis, especially 
transfusion with incompatible blood. As the glomeruli and tubules are not 
invaded there is no renal insufficiency so that the cases seldom come to autopsy. 
The urine merely shows a little albumin and a few lymphocytes and red blood 
cells. It is of interest to note that in the dog interstitial nephritis is the most 
common form of renal disease, whereas glomerulonephritis and arteriolar 
nephrosclerosis practically never occur. 

Syphilitic Nephritis.— This also is a rare form of nephritis. Acute secondary 
syphilitic nephritis usually occurs about the second month. It is explosive in 
character, corresponding with the acute manifestations in the skin and mucous 
membranes. The clinical picture is one of nephrosis, with marked edema and 
massive albuminuria. Doubly refractive bodies are common in the urine. 
The condition is rarely fatal. The effect of antisyphilitic treatment is dramatic, 
for the edema and massive albuminuria have been known to disappear in 
two days. The best test for the condition is the therapeutic test. The kidney 
shows marked tubular degeneration with spirochetes in the tubules. The 
glomeruli have not been examined carefully by modern methods. 

Rich has described a peculiar type of lesion occurring in syphilitics, for the 
most part negroes, which he regards as syphilitic in origin, although no spiro- 
chetes can be demonstrated. The cut surface of the kidney presents glistening 
flecks like grains of sand. Microscopically there are dense collections of mono- 
nuclear cells in the interstitial tissue of the cortex, which form sharply defined 
nodules projecting into the lumen of the tubules and compressing them in a 
remarkable manner. The lumen of the tubules contains cholesterol crystals 
which are responsible for the glistening flecks seen with the naked eye. 

SUPPURATIVE INFECTIONS OF THE KIDNEY 

Suppuration of the kidney is caused by the pyogenic bacteria, in 
particular B. coli. Staphylococci and Streptococci. Infection may be 
hematogenous or from below. Urinary stasis from whatever cause is 
liable to be followed by ascending infection from the bladder to the 
kidneys, probably by way of the lymphatics. 

The ^emic Kidney.— This is merely a renal manifestation of a 
general pyemia. Owing to a widespread blood infection pyemic 
abscesses are formed in various organs, including the kidneys. The 
infecting agent is usually Staphylococcus aureus or Streptococcus 
hemolyticus. The condition is a common complication of acute 
o.steomyelitis, carbuncle, ulcerative endocarditis, and puerperal sepsis. 
When staphylococci are injected into the blood stream of a rabbit they 
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are arrested by the glomeruli and produce multiple small abscesses. 
Small yellow abscesses surrounded by a red zone are scattered over the 
surface and throughout the substance of both kidneys. (Fig. 308.) 
Microscopically they consist of circumscribed collections of poly- 
morphonuclears, and often contain masses of cocci. The condition is 
a terminal one, and the patient dies of septicemia before there is time 
for any marked degree of renal destruction. 



Fig. 308 . — The pyemic? kidney. Pyemic abscesses are scattered diffusely througli both 

cortex and medulla. 


Pyelonephritis.— Pyelonephritis is an interstitial inflammation of the 
kidney, and bacteria can be demonstrated in the tissues. This is in 
contrast to glomerulonephritis which is a disease of the nephrons in 
which no bacteria can be found. The term signifies inflammation of 
the kidney and renal pelvis. The renal infection may be hematogenous 
in origin, or it may ascend from below. An ascending infection is 
particularly common in infancy, pregnancy, and over the age of fifty 
due to prostatic enlargement in the male and cancer of the cervdx in 
the female. In autopsy material the obstructive form is 12 times as 
common as the non-obstructive (Bell). Low obstruction (below the 
bladder) is more important than high obstruction (above the bladder). 
Bacillus coli is the common infecting organism, but the pyogenic 
cocci are frequent in hematogenous infections. The element of obstruc- 
tion is of the greatest importance in determining the outcome. G. K. 
Mallory and his co-workers showed this by injecting colon bacilli 
intravenously into rabbits in which one ureter had been partially 
ligated; acute pyelonephritis developed in the obstructed kidney in 
75 per cent of the animals, but never in the unobstructed kidney. 
Release of the obstruction after a. few days induced healing of the 
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pyelonephritic process. In man the question of whether a blood infec- 
tion will cause unilateral or bilateral renal lesions is probably largely 
dependent on the presence or absence of obstruction. In ascending 
infection some element of obstruction in the urinary tract is likely to 
be present from the beginning. 

The gross appearance varies extremely with the stage of the disease. 
As a rule both kidneys are involved, but the lesions are often much 
less advanced in one than in the other. They may be focal or diffuse. 
In the acute stage the kidney is swollen and congested, and the pelvis 
is of a bright red color and filled with pus. Under the capsule there 
are numerous yellow spots representing areas of suppuration, as well 
as dark irregular patches which form the base of wedge-shaped areas in 
the renal substance. The superficial lesions are often raised above the 
surface as small pustules. If healing occurs later they are represented 
by depressed l%shaped scars. The cut surface shows patchy areas of 
suppuration which tend to be spherical in the cortex and linear in the 
pyramids. If suppuration is progressive, abscess cavities are formed 
with gradual destruction of renal tissue. The outline of the calyces is 
destroyed, and the resulting distortion seen in the ar-ray film is an 
important feature in the clinical diagnosis. When obstruction is marked 
from the beginning the element of hydronephrosis enters the picture, 
hydronephrotic atrophy leading to destruction of the medulla and much 
of the cortex. The kidney becomes converted into a bag of pus, a 
condition known as pyonephrosis, A pure hydronephrosis in an 
advanced stage may become infected. Such a kidney is much en- 
larged, the surface is irregularly lobulated, and when it is opened it 
presents a picture of pyonephrosis in which a mere shell of kidney 
tissue is left. 

The disease may develop in a more gradual and insidious manner 
with little frank suppuration. The inflammation, which is chronic 
in character, extends here and there in the kidney, destroying renal 
tissue, but being followed later by healing, fibrosis, and contraction. 
The result is a contracted kidney, on the surface of ^vhich there are 
depressed scars. If these scars are of considerable size they are apt 
to be regarded as healed infarcts. When they are much smaller the 
effect is to give the kidney a granular appearance which may be hard 
to distinguish from that of chronic glomerulonephritis or arteriolar 
nephrosclerosis. This condition is called pyelonephritic contracted 
kidney, and in the past it has frequently been mistaken for the two 
diseases just mentioned. Chronic and healed pyelonephritis is a much 
commoner condition than used to be supi^osed. Weiss and Parker in 
their classic paper find it to be a more frequent cause of contracted 
kidney than glomerulonephritis. The surface of the kidney is finely 
granular in glomerulonephritis, more coarsely scarred in chronic 
pyelonephritis. The scars of nephrosclerosis are pale and on the cut 
surface are V-shaped like those of healed infarcts. The scars of pyelo- 
nephritis tend to be dark (due to vascularity) and saddle-shaped on 
the outer surface and U-shaped on the cut surface. In distinguishing 
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between chronic pyelonephritis and other conditions with which it may 
be confused, attention should be paid to the renal pelvis (thickened), 
calyces, and ureter. 

The microscopic picture varies with the stage as much as does the 
gross appearance. There may be many small abscesses and wide- 
spread interstitial infiltration with polymorphonuclear leucocytes. 
Much more usual, however, is a streaky linear round-cell infiltration 
with an admixture of polyiriorphonuclears. (Fig. 309.) In both cases 
there is destruction of the renal 
tubules, with gradual replacement 
by scar tissue which is more abund- 
ant and dense than in nephrosclero- 
sis. Many tubules are filled with 
pus cells. The process is charac- 
teristically patchy, and in the 
chronic cases the tubules in the 
intervening areas are either normal 
or dilated. A striking feature, es^ 
pecially in the scarred areas, is the 
presence of dilated tubules lined 
by flattened epithelium, and filled 
with dense, acidophilic colloid-like 
material, so that in places the tissue 
may resemble the thyroid gland. 

These so-called colloid casts tend 
to be somewhat denser than the 
casts seen in glomerulonephritis and 
nephrosclerosis, but have no distinc- 
tive staining reactions. The experi- 
mental studies of Mallory suggest 
that the colloid material may possi- 
bly be derived from the nuclear 
debris of polymorphonuclear leuco- 
cytes. The glomeruli may be in- 
tact, but in the scarred areas they 
may be completely hyalinized. Refer- 
ence has already been made (page 
626) to the focal proliferative glomerulitis which may be found in 
chronic pyelonephritis with marked destruction of renal parenchyma. 
Periglomerular fibrosis is a marked feature even when the glomeruli 
are intact. In the renal pelvis there is round-cell infiltration or fibro- 
sis, a valuable diagnostic feature for the pathologist in quiescent cases. 
The arteries in the affected areas show endarteritis obliterans, such as 
may occur in any area of chronic inflammation. Much of the arterial 
thickening represents disuse atrophy; it is an adjustment of the lumen 
to the decreased blood flow. 

The clinical picture will naturally depend on the stage of the disease. 
In acute cases there is pain and tenderness over the kidneys, fever, 
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leucocytes and pyuria. In chronic cases with extensive scarring the 
symptoms will be those of contracted kidney due to other causes, 
those, namely, of renal failure with or without hypertension. The 
hypertension is presumably due to renal ischemia, but the matter is 
not quite so simple as it seems, for of two patients with equally ischemic 
kidneys one may have marked hypertension whilst in the other the 
blood-pressure is normal. In the pyelonephritis which is so common 
after the age of fifty hypertension is a frequent accompaniment, but as 
both conditions are common at this period the element of coincidence 
cannot be eliminated. In the pyelonephritis of childhood, the late 
stage of which was first recognized by Longcope, this element does not 
need to be considered. In some of these cases hypertension has devel- 
oped a number of years after the onset of the disease. As chronic 
pyelonephritis may initiate hypertension, and as the disease is some- 
times unilateral, the tempting possibility presents itself of removing 
the offending kidney and relieving the hypertension. A number of 
cases have been published in which permanent relief has been afforded, 
but it is probable that for every recorded success there are ten or twenty 
failures of which nothing is heard. The success of an occasional oper- 
ative case proves nothing. 

Pexinephritic Abscess.— This condition, also called perirenal abscess, is a 
localized suppuration in the perirenal tissue, usually due to Staphylococcus 
aureus from a boil or carbuncle in the skin. Occasionally a pyelonephritis or 
a small localized focus of suppuration in the kidney is the evident source of 
infection, but in most cases the perirenal lesion has the appearance of being 
primary. As the result of experimental work on hematogenous infection in 
animals it is known that staphylococci may produce a minute lesion in the 
renal cortex, and then pass along cortical lymphatics through the capsule to 
the perirenal tissue. This is what probably happens in man, and an abscess 
is produced, usually behind the kidney. 

A carbuncle of the kidney is also a localized hematogenous staphylococcal 
infection. A large necrotic area containing several foci of suppuration is 
separated from the rest of the kidney by a broad zone of granulation tissue. 
Ball and Evans^ book contains a beautiful picture of the lesion. A remarkable 
feature is the relative freedom of the urine from pus. This may be explained 
by the destruction of the tubules in the lesion itself, and the intact condition 
of the glomerulo-tubular units at the periphery. 

TUBERCULOSIS OF THE KIDNEY 

Tuberculosis of kidney occurs in two forms: (1) acute miliary 
tuberculosis, and (2) chronic tuberculosis. Miliary tuberculosis is 
merely part of a general miliary infection, and is a postmortem find- 
ing. The kidney is studded with miliary tubercles, which on the 
surface may be mistaken for the abscesses of a pyemic kidney, but 
they show no border of congestion. 

Chronic tuberculosis, also known as ulcero-caseous tuberculosis and 
surgical tuberculosis, is at first a local condition. The primary lesion is 
often in bone. The bacilli are carried to the kidney by the blood. It 
used to be believed that tubercle bacilli could be excreted by healthy 
kidneys (excretory bacilluria). This is wrong. A lesion is always 
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present in the kidney, although serial sections may be needed to 
demonstrate it. Band points out that the earliest lesions occur in the 
cortex in relation to the glomeruli, although they may only be seen in 
microscopic sections (he examined 2,000 sections from each half kid- 
ney). These minute primary lesions often heal. They may ulcerate into 
the tubules, and as the collecting tubules converge at the apex of the 
pyramids it is natural that secondary lesions should develop there. 
These are the first lesions which are readily visible to the naked eye. 
Ulceration of the calyces now occurs, and in the ar-ray picture (pyelo- 
gram) a characteristic distortion of the outline of the calyces and 
pelvis can be detected, which may allow a remarkably early diagnosis 
to be made. 



Fig. 310. -Tuberculous pyonephro- 
sis. In the cortex of the lower part 
there are solid caseous areas; further 
up cavity formation lias taken place; 

the ureter is considerably thickened. Fig. 311. — Hcnal tuberculosis. X 100. 

The lesion at the apex of the pyramid is at first a localized nodule, 
but infection spreads up the lymphatics along the line of the collecting 
tubules, as well as down into the pelvis. Tn this way a tuberculous 
pyelonephritis is produced. Tn the tuberculous form there is a much 
greater tendency to destruction {renal phthisis), and large cavities with 
rough ragged walls are produced containing thick creamy odorless 
pus which is sterile on culture unless secondary infection has occurred. 
These communicate with the pelvis, so that a large amount of pus 
appears in the urine. The condition is now a tnberculons pyonephrosis, 
(Fig. 310.) Caseation, softening, and liquefaction may eventually 
lead to destruction of the entire kidney. The kidney may be con- 
41 
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siderably enlarged or may become shrunken. Much depends on 
whether tuberculous stricture of the ureter occurs. Such a stricture 
may prevent the pus from reaching the bladder, and thus mask the 
true nature of the condition. In the shrunken kidney the pus becomes 
inspissated and converted into a putty-like material in which lime 
salts may be deposited. In the roentgenogram these deposits may 
give an outline of the calcareo-caseous sac representing the kidney or 
merely spotty shadows. The microscopic appearance is that of tubercu- 
losis in its various stages. (Fig. 311.) 

Spread.— The spread of the disease is of great importance. At first 
localized, the infection spreads very readily in the connective tissue 
of the submucosa of the renal pelvis. It is true that in experimental 
tuberculosis of the kidney healing may occur, but when renal phthisis 
has developed, spontaneous healing can no longer be hoped for, and 
this is the stage at which a diagnosis is likely to be made. Infection 
spreads to the ureter with the formation of tubercles and tuberculous 
granulation tissue in the mucosa and ulceration of the surface. The 
chief lesions are in the upper and lower thirds. A stricture may 
develop, but more often the ureter is converted into a rigid, thick- 
ened, dilated tube, '^rhe bladder is infected early, and the chief symp- 
toms— pain and frequency of micturition— are due to this infection. 
It begins at the opening of the ureter, where hyperemia and tubercles 
can be seen with the cystoscope and an early diagnosis established 
in this way. The infection spreads along the submucosa of the trigone, 
causing ulceration of the overlying mucous membrane. It may 
extend to the prostate and seminal vesicles, and along the vas deferens 
to the epididymis, thus producing a genito-vrinary tuberculosis. There 
is a remarkable tendency for the bladder lesions to heal, and removal 
of the kidney may be follow- ed by complete recovery. The other kidney 
becomes infected sooner or later, so that at autopsy the condition is 
always bilateral, though much more marked on one side than the other. 
This involvement is probably due to an ascending infection from the 
bladder. 

The urine often contains blood in the early stages, owing to destruc- 
tion of small vessels in the renal papillae. Pus is a later development, 
depending on the amount of caseation and liquefaction. It is seldom 
as abundant as in pyelonephritis and pyonephrosis. Tubercle bacilli 
may be found with the microscope, or if very few are present, culture 
or guinea-pig inoculation may be necessary. 

The Relation of Symptoms to Lesions.- The two chief symptoms are fre- 
quency of micturition and blood in the urine. These are early as well as 
common symptoms. The frequency is vesical and the hematuria renal in 
origin. The frequency, which is often associated with pain on urination, is 
due to lesions in the sensitive trigone of the bladder. It becomes more marked 
as the capacity of the bladder diminishes. There is often an associated poly- 
uria. Renal pain is not an early or a prominent symptom, although there 
may be an aching in the loin aggravated by jolting. Renal coiic may be 
caused by the release of blood along the ureter. The hematuria is caused 
by destruction of vessels in the renal calyces. Pus in the urine is a later devel- 
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opment, depending on the amount of caseation and liquefaction. It is seldom 
as abundant as in pyelonephritis and pyonephrosis. Tubercle bacilli may be 
found with the microscope, or culture and guinea-pig inoculation may be 
necessary. There arc usually no ordinary pyogenic bacteria. Death is usually 
due to uremia from renal failure, sometimes to general miliary tuberculosis. 

CYSTS OF THE KIDNEY 

Polycystic Kidney. Congenital Cystic Kidney.— This condition is 
found once in every 500 autopsies (Bell). It is nearly always bilateral, 
but in about 5 per cent of cases may be unilateral. There are two 
periods of life at which it is found. About 30 per cent occur in infants, 
the majority still-born. The remaining cases present symptoms in 
early adult and middle life. The progressive atrophy of the paren- 
chyma caused by continuous dilatation of the cysts is balanced during 
youth by compensatory hypertrophy, but by the third decade this 
compensatory power is lost. The kidneys may be enormously enlarged 
or only slightly so. They are converted into a series of cysts, which 
may occasionally (communicate with one another but never with the 
renal pelvis. (Fig. 312.) The surface is grossly nodular owing to the 



Fig. 312. — Polycystic kidney. The kidney is enlarged and converted into a series of 
cysts containing thick material which has been coagulated by the fixative. 


large cysts. The contents may be thin or thick and viscid, clear 
amber or dark brown from hemorrhage, and sometimes contain urea. 
Hardly any renal tissue may be left, so that the occurrence of hyper- 
tension, renal insufficiency, and uremia is easily understood. Infec- 
tion of the cysts is not uncommon. Microscopically the cysts are 
lined by cubical epithelium, but in the large cysts it may be flattened. 
The remaining kidney tissue shows marked evidence of nephrosclerosis, 
with fibrosis of the glomeruli and disappearance of the tubules. Ritter 
and Baehr point out that gross study of injected kidneys shows that 
the interlobar and interlobular arteries lie mainly in the cyst walls, 
often just under the lining epithelium. These vessels are easily 
ruptured as the result of hypertension or slight trauma, so that the 
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cysts frequently contain fresh or old blood, and the patient suffers from 
attacks of lumbar pain. If the hemorrhage into a cyst should cause 
rupture into one of the calyces there will be hematuria— a not uncom- 
mon symptom. When the kidney is injected with an opaque sub- 
stance and roentgen-rayed, there is found to be a great disappearance 
of vessels and occlusion of the arterial tree. 

The congenital nature of the condition is suggested by the occasional 
occurrence of other congenital anomalies. Small cysts are sometimes 
present in the liver (due to malformation of the bile ducts), and more 
rarely in the pancreas. There is moreover a strong hereditary ten- 
dency. It used to be supposed that the cysts were due to failure of the 



Fig. 313. — Large solitary cyst of the kidney. 


convoluted tubules to fuse with the collecting ones, but it is more prob- 
able, as Kampmeier points out, that the cystic condition is merely a 
persistence of one stage of renal development. In the early embryo 
the convoluted tubules which first develop in connection with the 
collecting tubules are not permanent, but become detached and persist 
for a time as cystic structures. Normally these fetal cysts atrophy. 
If they persist they form a cystic kidney. Clinically it is justifiable 
to speak of a surgical and a medical type (but not with respect to treat- 
ment). In the surgical type the symptoms such as pain, tumor, and 
hematuria, are referable to one kidney. In the medical type there are 
symptoms of acute or chronic renal insufficiency, with arterial hyper- 
tension in over .50 per cent of the cases. 
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Solitary Cyst.— Sometimes a large single cyst is found projecting 
from one pole of the kidney, which may cause a degree of enlargement 
that can be detected clinically. (Fig. 313.) Some of these cysts may 
attain a very large size. There may be more than one of these “solitary’' 
cysts. Often the cyst is quite small. The contents are serous and rarely 
contain urea. Hemorrhage may occur into the cyst. The condition 
is most probably congenital. 

TUMORS OF THE KIDNEY 

There is no more perplexing chapter in the whole of pathology than 
that which deals with tumors of the kidney. Kndless varieties have 
been described, but nearly all the malignant tumors of the kidney 
appear to be variants of two main types, and these alone will be 
considered here. For details of the variations the reader is referred 
to K wing’s great treatise on tumors. The main types are the hyper- 
nephroma (Clrawitz’s tumor) and the einbry oma (Wilms’ tumor). 

Hsrpernephroma.— This tumor owes its common name to the original 
suggestion of Grawitz, in 1883, that it was derived from rests or rem- 
nants of adrenal cortex which had been included in the kidney. For 
long this was the popular view, but it must be given up, for there 
is no doubt that the tumor is a renal carcinoma arising either from 
adult tubercles, or, as suggested by Wilson in 1910, from islets of 
nephrogenic tissue which have persisted in the renal cortex, thus bring- 
ing it into line with the embryoma (see below). Such developmental 
rests arc common in infants though rare in adults, thus illustrating 
the general law of tumor growth that persisting undeveloped embry- 
onic tissue diminishes as age increases, but the incidence of malignant 
tumors derived from it increases. As the old name is based on a 
wrong theory it should really be given up, but it is so firmly entrenched 
that it is almost impossible to uproot it. The chit^f argument in fa\’or 
of the original Grawitz view is that the tumor is often composed of 
clear, vacuolated, lipoid-filled cells similar to those of the adrenal 
cortex, but similar clear cells are found in adenomas of the kidney 
composed of typical tubules. The hypernephroma may show a tubular 
formation which is never seen in the adrenal gland or tumors of the 
adrenal cortex. The latter tumors arc associated with sex disturbances 
(virilism) which are constantly absent in hypernephroma. 

The gross ayioearance is so characteristic that it can usually be recog- 
nized at a glance. (Fig. 314.) The tumor forms a rounded mass 
usually in the upper or lower pole, which may attain a large size. At 
first it appears encapsulated, but later is invasive. The great charac- 
teristic of the cut surface is its variegated appearance. Yellow' is 
the chief color (due to lipoid), but there are also red hemorrhagic 
areas and cysts of varying size, while only a small piece of normal kid- 
ney tissue may be left. Some of the cysts contain serous or mucinous 
fluid, but others represents areas of necrosis into which hemorrhage 
has occurred. There may be a fibrous core in the center of the tumor. 
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The microscopic picture may be as varied as the gross appearance. 
The tumor cells are usually very characteristic, being large and 
rounded with a peculiarly clear or vacuolated cytoplasm. (Fig. 315.) 

The clearness or vacuolation is 
due to the presence of a large 
amount of lipoid (mostly chole- 
sterol ester) , and in part to the 
presence of glycogen, shown by 
Best’s carmine stain after alco- 
hol fixation. Occasionally the 
tumor is ccanposed of dark 
granular cells; this granular- 
cell form is much more malig- 
nant. The arrangement of the 
cells is also variable. There are 
three possibilities, which in 
their order of freciuency are: 
(1) a cystic papillary forma- 
tion, in which papillary pro- 
cesses project into indefinite 
cystic spaces, but with no real 
tubular formation ;(2) an alveo- 
lar arrangement of solid cords, 

FUi 314. — Hypernephroma. The cut surface fh' idcd illto lliaSSCS b} ^^*j,** 
has a varioKatod appearance. Septa; (3) Occasionally a defi- 

nitely tubular arrangement 
which irresistibly' suggests that the tumor is of renal origin. The 
stroma is scanty', but the bloodvessels fijrm a striking feature of th(‘ 
picture; they' are usually numerous and very' large, and the vessel wall 
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often seems to be formed of tumor cells, thus accounting for the fre- 
quent hemorrhage into the tumor and the tendency to metastasize by 
the blood stream. 

Spread. —The tumor may remain silent for a long time, and metas- 
tascs are often the first evidence of a renal tumor. At first the tumor is 
sharply separated from the kidney by a fibrous capsule, but sooner or 
later the malignant character becomes obvious, the capsule gives way, 
and the kidney is invaded. There is a special tendency to invasion of 
veins, and the tumor may grow into the renal vein and even into-the 
inferior vena cava, with widespread metastases as the result. The 
lungs and bones are involved most often, but the liver often shows 
metastases, and the regional lymph nodes are invaded ma. the lym- 
phatics. In the lungs the metastases show a curiously clear-cut outline 
in the roentgen-ray picture known as the ‘"cannon-ball” appearance. 
Hypernephroma is one of the most important causes of secondary 
tumors of bone, and the first manifestation that there is anything 
wrong with the patient may be the occurrence of a spontaneous frac- 
ture. A curious feature is that in 60 per cent of the cases there is a 
solitary bone metastasis. The order of frequency of involvement is 
upper end of humerus, spine, femur, pelvis, and ribs. 

The Relation of Symptoms to Lesions. Of the symptoms painless hema- 
turia is by far the most important, and it occurs fairly early in over 50 per cent 
of the cases. It is accounted for by the numerous large thin-walled blood 
spaces, which readily rupture into the renal tubules. Pain is uncommon, and a 
tumor can be felt only late in the disease. The tumor causes deformity of one 
or more of the calyces of tlie renal pelvis at an early stage, and this may l)e 
detected in a pyelogram. Long-continued fever is a remarkable feature of 
some cases; it is probably a protein fever due to breaking-down of tissue. 
A pyelograin (roentgen-ray of pelvis) shows the following; (1) spider distor- 
tion due to stretching of the calyces, (2) filling defects in the pelvis, (3) dis- 
placement of the ureter outwards. In embryorna, on the other hand, the 
pyelogram shadow is displaced by the tumor but not otherwise altered until 
late, when the renal pelvis is invaded. The prognosis is bad owing to the 
tendency to bloodspread, but early removal may be followed by cure. 

Embryorna, Wilms’ Tumor. — ^This is the commonest abdominal 
malignant tumor of early childhood. It usually occurs during the 
first three years of life and after the age of five years it is infrequent, 
but it may very rarely occur in adults. It may attain an enormous size, 
nearly filling the abdomen. Quite frequently it is bilateral. The 
diagnosis cannot be made until a tumor appears, for there is no hemat- 
uria and no pain, because the renal pelvis is not invaded. Intravenous 
urography may show a complete absence of the normal roentgenogram 
shaciow or distortion of the calyces. Fever occurs in 50 per cent of the 
cases. There is a marked response in the size of the tumor to radiation, 
a useful diagnostic point. 

The tumor, which commences in the cortex, is gray, soft, and has 
the homogeneous character of a sarcoma (Fig. 316), but necrosis and 
hemorrhage may alter this appearance. It tends to destroy the whole 
kidney, and may spread to neighboring organs, but distant metas- 
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tases by the blood stream are not frequent. In this respect it differs 
completely from hypernephroma. The viicroscoyic appearance varies 
in different cases and in different parts of the .same tumor. The 



Fig. 316. — Embryonia. The homogen- 
eous appearance of the out surface is in 
striking contrast to tlio variegated surface 
of hypernephroma. The kidney is at the 
right of the tumor. 


general character is sarcomatous, 
and in the past the Wilms’ tumor 
has been classed as "'sarcoma of 
the kidney in children.” The 
cells may be round or fusiform. 
Glandular (tubular) elements are 
often present, and vsuch tumors 
have often been called adenosar- 
covia, (Fig. 317.) Smooth muscle 
and striated muscle are not un- 
common, and in rare cases there 
may be cartilage and bone. The 
tumor is markedly radio-sensitix e. 

The Wilms’ tumor is a dex elop- 
mental tumor, and is best called 
an embryoma or an embryonal 
mixed tumor. It may seem strange 
that an epithelial organ siu*h as 
the kidney should give rise to a 
developmental tumor with con- 
nective-tissue (sarcomatous) char- 
acteristics. This is readily ex- 
plained by recalling that the 
epithelium of the urinary tract 


is derived from mesoderm (intermediate cell mass); the convo- 


luted tubules develop from undifferentiated mesenchyma which 


has the appearance of cellular connective tissue in which glandular 



Fio. 317. — Wilms* tumor, showing a combined carcinomatous and sarcomatous ap- 
pearance. X 150. 
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structures are formed. This is exactly the appearance presented by 
the usual form of Wilms' tumor. The occasional formation of muscle 
and cartilage is a perversion of growth ®n the part of the embryonic 
mesenchymal cells. 

Other Tumors.— 7^i6rowa occurs fairly often as a small circumscribed nodule 
in a pyramid or papilla. Narrow tubules are usually scattered through the 
fibrous tissue. The lesion is rather a hamartoma than a true tumor, i. c., a 
developmental defect in tissue combination {hamartia, defect) with a limited 
capacity for aberrant growth. Adenoma forms a similar nodule in the co^x. 
It consists of tubules, sometimes lined by the same clear type of cell that is so 
characteristic of hypernephroma, and thus providing additional evidence for 
the tubular origin of that tumor. There may be cyst formation with papillary 
processes, such a tumor being really a papillary cystadenoma. Lipoma and 
sarcoma are rare tumors: most sarcomas develop from the capsule and invade 
the cortex secondarily. Villous papilloma of the pelvis is described in another 
section. 


CIRCULATORY DISTURBANCES OF THE KIDNEY 

Chronic Venous Congestion.— The congestion is due to the ordinary 
causes, i. e., cardiac disease, and obstruction in the pulmonary circula- 
tion from emphysema, etc. The entire kidney is congested, but par- 
ticularly the pyrjimids which are very dark. It is much firmer than 
normal, a condition known as cyanotic induration, and due partly to 
the increased blood content, partly to thickening of the capillary walls, 
but not to any increase in the interstitial tissue. The glomerular 
capillaries are greatly dilated and engorged with blood, and there may 
be red c:clls in the capsular space owing to rupture of the distended 
capillaries. In this condition, known clinically as stasis kidney and 
cardiac kidney, the urine may be diminished in amount, and may 
contain albumin and sometimes red blood cells. The dye excretion 
may fall low, but the concentrating power remains normal. Under 
treatment directed to the heart the condition of the urine may rapidly 
clear up. 

Infarction.— The kidney is one of the commonest sites of infarcts. 
The cause of the vascular obstruction is usually arterial embolism, 
but it may be due to thrombosis of the small arteries. The infarct 
shows the usual characters which are described in Chapter III. The 
necrotic area is surrounded by a zone of congestion, which in the earlier 
stages of the process may show much hemorrhage. For this reason 
there may be red cells in the urine at this stage. On the other hand, 
the urine is often normal. A renal infarct is usually without symptoms, 
there may be pain and tenderness over the kidney, and in exceptional 
cases the condition may simulate perforation of a viscus. 

Symmetrical Necrosis of Renal Cortex.— This fortunately rare and fatal 
condition is marked by anuria at the outset, and runs a clinical course similar 
to that produced by extirpation of both kidneys. It is twice as common in 
pregnancy (late stage) as in the non-pregnant state, occuring in both sexes 
and at any age. It is in essence a massive ischemic cortical infarction including 
the columns of Bertin. This massive lesion is the result of the coalescence of 
innumerable small infarcts. The gross picture is so characteristic that it can 
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be recognized at a glance. Almost the entire cortex, with the exception of a 
very thin surface layer supplied by the capsular arteries, is a bright yellow 
outlined with red. A similar appearance is seen in the massive necrosis pro- 
duced by the so-called elixir of sulphanilamide in which the solvent was 
di-ethylene glycol. The lesion is an ischemic necrosis due to thrombosis of 
large numbers of small arteries and arterioles. The walls of these vessels are 
necrotic. The primary lesion appears to be in the arterial wall, and it is 
probable that it is of the nature of an allergic reaction in this tissue (Duff and 
More), a view which would explain the suddenness of onset. Similar small 
necrotic and arterial lesions are occasionally found in the adrenals, spleen and 
bowel. For further details regarding this remarkable condition the review by 
Duff and More should be consulted. 

Orthostatic Albuminuria. —What has been called benign albuminuria is of 
common occurrence in children and young adults, and is due, certainly in 
many cases, to a circulatoiy disturb^ce of the kidney. The distinguishing 
feature of the albuminuria is that it is absent when the person is lying down 
and appears when he assumes the erect posture. For this reason it is called 
orthostatic or postural albuminuria. The albumin is most marked in a speci- 
men passed after the person has been up for some little time in the morning. 
It is commonly associated with marked lordosis of the lumbar spine (Jehle). 
When this lordosis is corrected, as by the child putting his foot on a stool, 
the albuminuria disappears even though the erect position is maintained. The 
vena cava lies to the right of the mid-line, so that the left renal vein has to 
cross the vertebral column, and is liable to be compressed if lordosis is at all 
marked. Wlien catheters are placed in the ureters of a person who suffers 
from this condition, it will be found that when he assumes the erect (and 
lordotic) position the urine coming from the left ureter will contain albumin, 
w'hile that coming from the right is normal (Sonne). There may be anuria 
for one-half hour on the part of the ischemic leh kidney, while the right kidney 
continues to secrete normal urine. The condition is an anomaly, but can 
hardly be called pathological. It tends to disappear as the person grows up 
and the lordosis lessens. The prognosis is excellent. 

Hematuria. — This subject may be considered in connection w ith circulatory 
disturbances, although it is usually due to quite different causes. Blood in 
the urine may come from the urethra, bladder or kidney. Only the re3nal 
causes are considered here. In some cases the blood can be seen w ith the naked 
eye; in others it can only be seen wuth the microscope. In the latter group it 
is better to speak of red cells rather than blood in the urine. (1) The hematuria 
may be due to circulatory disturbances ^ e, ^., chronic venous congestion, infarc- 
tion. (2) Inflammatory and necrotic conditions, e. g., acute glomerulonephritis, 
embolic glomerulonephritis, focal nephritis, malignant nephrosclerosis. (3) 
Tuberculosis of the kidney. (4) Tumors, The common cause is hypernephroma, 
but papilloma or carcinoma of the renal pelvis may occasionally cause bleeding. 
(5) Renal calculus, the stone either remaining in the pelvis or passing down 
along the ureter. (6) Essential hematuria is a condition in which there is 
hemorrhage, sometimes severe, from one kidney, but when the condition is 
removed no cause is found. In most cases there is probably a focal nephritis 
w'hich has been overlooked, or a varicosity in one of the renal papillae. 

DEGENERATIONS OF THE KIDNEY 

Tubular Degeneration.— This is not an entity but a convenient term 
to cover a diversity of conditions. CUmly swelling is the commonest 
of all kidney lesions. It may occur in any febrile or infectious disease. 
Postmortem changes mimic it closely, and it is often difficult to know 
how much of the change is antemortem, how much postmortem, unless 
the material is very fresh. It has already been described in Chapter II. 



DEGENERATIONS OF THE KIDNEY ' 


651 


All grades of severity of this albuminous degeneration may occur. 
The changes are most marked in the convolut^ tubules. They may 
be classed as nephroses, but this is a dangerous term. It is safe enough 
when used in a strictly pathological sense, but it is apt to be seized by 
the clinician and perverted to his own uses. A large number of chemical 
poisons may be used experimentally to produce tubular degeneration 
or nephrosis, viz., uranium nitrate, potassium bichromate, phosphorus, 
arsenic, and mercuric chloride. The last-named is the only one of 
clinical importance, for corrosive sublimate is often used for suicidal 
purposes (see page 633). 

Fatty Degeneration. — Two forms may be recognized, the diffuse and 
the patchy. The diffme form affects the entire parenchyma, especially 
the (convoluted tubules. It is caused by pernicious and other anemias, 
diabetes, bacterial toxins, phosphorus, chloroform, etc. The condi- 
tion is descrilied in Chapter III. The fat globules in the cells consist of 
neutral fat (glycerol esters). The patchy form is seen in the degen- 
erated tubules of Bright’s disease (glomerulonephritis, nephrosis, 
nephrosclerosis), and in amyloid degeneration. Owing to the irregular 
distribution the yellow fat gives the cortex a mottled or speckled 
appearance. Some of the fat is in the neutral form, but much of it is 
cholesterol ester. This lipoid is present not only in the epithelial 
cells of the tubules but also in the interstitial tissue. Its nature can be 
recognized by the fact that it is anisotropic (doubly refractive) under 
crossed Nicol’s prisms. 

Amyloid Degeneration. -—The general pathology of amyloid disease 
is discussed in Chapter III. It is a complication of a suppurative, 
tuberculous, or syphilitic lesion, but occasionally no evident cause can 
be found even at autopsy. The kidney is large and pale, and may 
closely resemble the “large white kidney” of subacute glomeruloneph- 
ritis or nephrosis. But it is of firm consistence, and the cut surface 
lias the characteristic translucent or waxy appearance of amyloid 
organs. When the iodine test is used the affected glomeruli stand out 
as dark-brown dots on the cut surface. If the progress of the disease 
is slow and the patient does not die of the original suppurative lesion, 
the kidneys may become contracted and granular. 

Microscopically the amyloid is deposited in three situations: the 
glomeruli, the arterioles, and around the collecting tubules. It is a 
connective-tissue change, the epithelial changes being entirely secon- 
dary. The most striking lesions are in the glomeruli. (Fig. 318.) 
The deposit of amyloid occurs between the basement membrane of the 
loop and the endothelium, so that the capillary loops are gradually 
closed. Some of the loops remain open for a long time, and through 
these damaged loops large quantities of albumin escape into the 
urine. In time the glomeruli are converted into large bloodless struc- 
tureless masses of amyloid. When the glomerulus is occluded the 
corresponding tubule undergoes atrophy and is replaced by fibrous 
tissue. In this way marked tubular atrophy, fibrosis, and shrinking 
of the kidney may occur. In the earlier stages the tubules show 
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marked evidence of degeneration, and the epithelium is filled with 
fatty and hyaline droplets and may contain cholesterol ester. Large 
homogeneous casts are formed in the tubules, and in the urine they 
are known as “colloid” casts. Much of the atrophy of the parenchyma 
is due not only to ischemia from glomerular atrophy but to pressure 
from the amyloid which gradually accumulates in the arteries and in 
the connective tissue around the tubules. 

The symptoms are nephrotic in type, 
i. e., massive albuminuria and edema, 
but if the patient lives long enough he 
may die of uremia with high non-pro- 
tein nitrogen in the blood and hyper- 
tension . The nephrotic symptoms are 
based on hyperpcrmeable and still 
patent glomerular capillaries, whilst 
the terminal nephritic picture is that 
of the contracted ischemic kidney. 
Amyloid disease may last for many 
years. If the underlying cause can be 
arrested, as in syphilis, the amyloid 
disease may also cease to progress and 
even retrogress. Experimental evi- 
dence shows that amyloid material 
may become absorbed, and perhaps 
this may occur in man. 

Deposits of Pigment, /i/ood pig- 
merit may accumulate in the cells of 
the convoluted tubules when there 
is much blood destruction and the 
hemoglobin passes through the glomer- 
uli and is concentrated in the tubules. 
This is well seen in pernicious anemia 
and paroxysmal hemoglobinuria. The 
granules of hemosiderin give the 
Prussian blue reaction for iron . Casts 
of hematin granules arc seen in the 
tubules as the result of hemoglobin- 
uria from unsuitable blood transfusion. Bile pigment may accumulate as fine 
granules in the cells of the convoluted tubules in persistent jaundice. In 
severe cases of jaundice of the new-born the pigment may be deposited in 
the apices of the pyramids, a condition known as bilirubin infarcts. A 
much commoner condition seen in new-born children is uric add infarcts. 
They take the form of yellow streaks at the apices of the pyramids, and con- 
sist of deposits of urates in the collecting tubules. It is probable that they 
soon disappear. When melanin is excreted it appears in the cells of the loop 
of Henle. 

Glycogen deposits occur in von Gierke's disease and also in severe cases of 
diabetes mellitus, although they are more rarely seen since the introduction 
of insulin. In diabetes the cells chiefly affected are those lining the loop of 
Henle. The affected cells are large and perfectly clear owing to the glycogen 
being dissolved out, so that the tubule has a very striking and characteristic 
appearance. It is probable that the glycogen is derived from the sugar in 
the urine. 



Fig. 318. — Amyloid disease of the kid- 
ney. The glomerulus is greatly enlarged 
by the amyloid, but the presence of blood 
cells (black) shows that the circulation is 
still going on. X 275. 
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ATROPHY AND HYPERTROPHY OF THE KIDNEY 

Atrophy of the kidney may occur to a slight degree in general conditions of 
atrophy such as old age, but the only cause of real importance is loss of the 
blood supply. This may be caused by arteriosclerosis, which may affect the 
larger branches of the renal artery (senile contracted kidney) or the arterioles 
(primary contracted kidney). Glomerular ischemia, the result of glomerulo- 
nephritis, leads to disappearance of the tubules and shrinking of the kidney 
(secondary contracted kidney). Sometimes one part of the kidney may be 
very atrophic, the remainder only partially so. There may be congenital 
hypoplasia. Pressure atrophy is typically seen in hydronephrosis, where 
the constant pressure of retained urine causes marked atrophy, first of medulla 
and later of cortex. The nephrons disappear and are replaced by fibrous 
tissue. 

Hypertrophy of the kidney is compensatory. It is seen in its most ex- 
treme form when one kidney has been removed, is congenitally absent, or 
shows marked hypoplasia. In con- 
genital absence of the kidney the 
weight of the surviving kidney may 
ecpial that of the two kidneys. There 
is no increase in the number of glom- 
eruli and tubules, but they become 
larger. Between areas of arterio- 
sclerotic atrophy the remaining por- 
tions may show a good deal of hyper- 
trophy, w^hich is most readilj'^ recognized 
in the convoluted tubules. The lining 
colls become larger, the lumen is di- 
lated, and papillary growths may pro- 
ject into the lumen. 

CONGENITAL ANOMALIES OF 
THE KIDNEY 

Fetal lobulation is the most common 
anomaly. The furrows which separate 
the original lobules fail to disappear, so 
that the surface remains lobulated. 

(Fig. 319.) Horse-shoe kidney is also 
conurion. The kidneys are fused to- 
gether, usually by their lower poles. 

The ureters pass down in front of the 
connecting bridge of tissue. Agenesia 
or absence of one kidney is usually 
associated with absence of the ureter. 

The other kidney is double the normal , ^ 

weight (compensatory hypertrophy). Fig. 319.— Fetal lobulation of the kidney. 

Aplasia or marked hypoplasia is not 

very rare. The kidney may be a mere structureless rudiment, or may appear 
to be a normal small kidney. The other kidney is correspondingly large. 
Dystopia means displacement of the kidney, but the displacement is not 
active; the kidney has failed to migrate upward to its normal position, and 
remains in its primitive position, usually at the pelvic brim or the bifurcation 
of the aorta. The ureter is naturally short, for it has never been of normal 
length, and as vascularization of the kidney does not occur until the final 
resting place is reached, the vessels will usually come off the lower end of the 
aorta. Con>genital cystic disease^ the most important of all the congenital 
anomalies of the kidney, has already been described. 
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RENAL PELVIS, URETER, AND BLADDER 

The pelvis of the kidney, the ureter, and the bladder are so closely 
related embryologically, functionally, and structurally that it is 
natural that the pathological conditions from which they suffer should 
be very similar. All are lined by stratified squamous epithelium, for 
the function of all three is either conduction or storage of urine, not 
secretion or absorption. 

Effect of Obstruction.— Obstruction to the outflow of urine ina>' 
cause dilatation of the bladder, ureter, or peh is of the kidney (hydro- 
nephrosis), depending on the site of the obstruction. The obstruction 
may be in the urethra, bladder, or ureter. In the male urethra obstruc- 
tion is due to vrefhral stricture, nearly always gonorrheal in origin. 
In the bladder the common cause is enlargement of the prostate, but a 
tumor of the bladder may obstruct the opening of one, sometimes both 
ureters, producing hydronephrosis. A calculus may block the renal 
pelvis, ureter, or urethral opening in the bladder. Stricture of the 
ureter may be due to scarring following injury caused by the passage 
of a calculus, or, as shown by Hunner, there may be local inflammation 
of the wall of the ureter due to hematogenous infe(‘tion with the for- 
mation of one or more strictures (Hunner stricture of ureter). Stenosis 
of the lower end of the ureter for no apparent reason is probably 
congenital. Movable kidney, a condition in which the normal supports 
of the kidney are relaxed, allowing the organ to slip downward, may 
lead to kinking of the ureter and intermittent hydronephrosis. An 
aberrant renal artery passing across the ureter to the lower pole of the 
kidney may in exceptional cases cause sufficient pressure on the ureter 
to produce hydronephrosis. It is evi<lent that if the obstruction is in 
the urethra or bladder the hydronephrosis will be bilateral, whereas 
if it is in the ureter or the ureteric opening in the bladder, the hydro- 
nephrosis will be unilateral. 

Obstruction in the urethra (male) leads to dilatation and hyper- 
trophy of the bladder. The proportion varies, just as it ch)cs in tin' 
gall-bladder and other hollow viscera when they are obstructc*d. The 
natural tendency is to dilatation, but there is a compensatory muscu- 
lar h^qjertrophy, although this may be largely absent in old men. 
The hypertrophy leads to marked thickening of the wall of tlu^ bladder, 
and bands of muscle which normally have a reticulated arrangement 
under the mucosa become very prominent and stand out as trabecula'. 
The trabeculse are separated by depressions, and one or more of 
these may become enlarged so as to form a diverticulum. 'Ilie dilata- 
tion of the urinary tract extends to the ureters and to the pelvis of the 
kidney. Infectif)n is a common complication owing to the accumu- 
lation of stagnant urine, and the bladder, wall of the ureter and pelvis 
of the kidney show an inflammatory thickening in addition to the 
dilatation. The real danger of obstruction is its effect on the kidney, 
and this will now be considered. 
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Hydronephrosis.— This is a dilatation of the renal pelvis and calyces 
with destruction of the kidney substance. (Fig. 320.) Hydronephrosis 
is caused by obstruction to the outflow of urine. It used to be thought 
that this obstruction could be either organic or functional, but the 
idea of a functional obstruction at the pelvi-ureteric junction due to 
over-action of the sympathetic system has now been abandoned. 



Fig. 320. — Ilydroiiophrosis. 
Tlio renal pelvis and calyces are 
dilated. The ureter is blocked by 
a calculus. 


Fig. 321. — Hydronephrosis, showing 
disappearance of tubules. X 65. 



The obstruction may be congenital or acquired. Congenital obstruc- 
tion taki's the form of valve-like folds of the mucosa which are present 
in the fetus and sometimes at birth, or definite constrictions. These 
lesions, which are readily overlooked by the pathologist unless searched 
for with particular care are commonest at the pelvi-ureteric junction, 
but also occur at the pelvic brim and in the intravesical portion of the 
ureter. The most extreme examples of hydronephrosis belong to this 
group, because the condition is symptomless until it becomes far 
advanced. 

Acquired olistruction may take the form of: (1) obstruction in the 
urethra from stricture and enlargement of the prostate; (2) obstruc- 
tion in the bladder due to a calculus or to the internal sphincter being 
unable to open owing to neuromuscular dysfunction (tabes, injury to 
cord, etc.); (3) obstruction in the urefe.r due to a stone at the upper 
or lower end, stricture of the ureter, pressure of an aberrant branch 
of the renal artery, or kinking of the ureter. The most extreme forms 
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of dilatation are caused by gradual partial obstruction, but sudden 
complete obstruction, as from ligation of the ureter, may lead to a 
moderate degree of dilatation followed by hydronephrotic atrophy. 
If renal ischemia is added to urinary obstruction, the destruction of 
tissue is much more rapid. Experimental ligation of the posterior 
branch of the renal artery causes infarction of from one-third to one- 
half of the kidney; when this is combined with total ureteral obstruc- 
tion enormous sacculations of the infarcted area are produced in a 
remarkably short time (Ilinman and Hepler). 

The pelvis and calyces are dilated, sometimes to an enormous extent. 
The normal pelvis has an average capacity of 7 to 10 cc., but it may 
be distended so as to contain several liters. The pyramids are first 
destroyed by the dilatation of the calyces, and the cortex follows, until 
finally the kidney is converted into a thin-walled lobulated bag of 
watery fluid, the greatly distended calyces being separated by incom- 
plete septa. Ischemia produced by pressure of the retained fluid is 
probably a large factor in the atrophy and destruction of the renal 
parenchyma. If infection is superadded the condition becomes an 
infected hydronephrosis. The wall of the sac will be thicker and the 
lining more rough as the result of infection. 

Microscopically the first change is marked atrophy of the tubules, 
while the glomeruli may appear fairly normal. This dissociation of 
lesions may be very striking, and is peculiar to hydronephrosis. (Mg. 
321.) In course of time the glomeruli become fibrosed, and the renal 
parenchyma is replaced by fibrous tissue. Even in the ad^’an(?ed 
stages small areas can be found in which the glomeruli and tubules 
are apparently normal, and are probably continuing to secrete urine. 

One of the problems of hydronephrosis is how it is that tht‘ contents 
of the hydronephrotic sac are fresh and clear instead of stagnant and 
stinking. Moreover, normal secreting tissue can be found e\en in 
cases of complete obstruction. It is evident that absorption of the 
fluid mast occur, thus allowing of a continual circulation. It has 
always been thought that this absorption must take place through 
the tubules, but Hinman and Lee-Brown have shown that absorption 
in hydronephrosis takes place from the pelvis directly into the veins. 
This pyelovenous hachJlou\ as Ilinman calls it, occurs from the minor 
calyces into the straight veins at the base of the pyramids. By using 
this mechanism the entire venous system of the kidiie}' can be inj(*cted 
through the hydronephrotic pelvis. 

Inflammation. —Infection of the pelvi-vesical tract may occur from 
the urethra, kidney, or neighboring organs. The short female urethra 
accounts for the frequency of low^er urinary tract infection in women 
and children. In the male, infection from below is due to retention 
(stricture of urethra, enlarged prostate), or the passage of an infc‘ctcd 
catheter. Infection of the bladder usually comes from the kidney, 
unle.ss there is some predisposing cause in the bladder such as rebmtion 
or stone. The healthy bladder is remarkably rc.sistant to infection, 
and when pyogenic bacteria are introduced into its cavity they rapidly 
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disappear. Occasionally infection may come from a neighboring organ, 
as in inflammation of the appendix or the female pelvic organs. The 
common infecting organism is Bacillus coli, with an acid urine. The 
pyogenic cocci are next in frequency, and they turn the urine alkaline 
owing to the production of ammonia. Tw^o of the most troublesome 
organisms are Bacillus proteus and Bacillus pyocyaneous, because, 
being Gram-negative, they are resistant to penicillin. Fortunately 
they have been found to respond to treatment by streptomycin. 

Inflammation of the bladder is called cystitis, while inflammation 
of the renal pelvis is pyelitis. The inflammation may commence in 
the pelvis and infect the bladder, or begin in the bladder and pass to the 
kidney. We have already seen that in primary renal infection the 
pyelitis is part of a pyelonephritis. Similarly when the infection 
ascends from the bladder to the pelvis, the medullary portion of the 
kidney is involved, so that a pyelonephritis develops. 

Cystitis may be acute or chronic. In the acute form, which is likely 
to be due to the pyogenic cocci, the mucous membrane is swollen, red, 
and hemorrhagic. Small ulcers develop, the surface is coA ered with 
shreds of epithelium, and small clear cysts are formed on the trigone. 
Microscopically there is congestion of the submucosa and infiltration 
with inflammatory cells, the superficial layers of mucosa may be des- 
(luaniated, but the main substance of the wall is intact. In chronic 
cystitis the appearance depends on the presence or absence of obstruc- 
tion. When there is no obstruction the wall is thickened owing to 
the forjnation of inflammatory tissue; the size of the cavity becomes 
smaller instead of larger. When there is obstruction as well as inflam- 
mation, the bladder is dilated and the wall may be either thickened 
or atrophied. Polypoid masses of hypertrophied mucous membrane 
ma\' project into the ea\dty. The trabecula tion, pouching, and forma- 
tion of diN'crticula ha\'e alretwly been described. Microscopically the 
Jiuicosa shows patchy ulceration, with areas of granulation tissue forma- 
tion corresponding to the polypoid masses, the submucosa is fibrosed 
and infiltrate(r with chronic inflammatory cells, and the fibers of the 
muscular coat are separated by an abundant formation of connective 
tissue. 

Pyelitis Cystica.- -Occasionally numerous tiny cysts may he observed 
in the renal i>elvis, a condition known as pyelitis cystica. Similar lesions occur 
in the ureter (ureteritis cystica) and bladder (cystitis cystica). As the result 
of chronic inflammation the epithelium grows do\yn to form small nests of cells. 
Those cells arc then arranged to form glands, which develop into cysts. 

Runner’s Ulcer. This condition is also known as interstitial cystitis, 
“elusive’’ ulcer owing to the fact that both symptojns and ulcer may come and 
go, and by still other names. The cause and nature of the disease are unknown. 
The affected area shows marked inflammatory thickening, and in the center 
there is a minute exquisitely tender ulcer, often little more than an erosion. 
The microscopic changes are those of chronic inflammation. The most im- 
portant sign of this crippling and chronic condition is bleeding from the lesion 
seen with the cystoscope when the bladder is distended. The urine contains 
neither pus nor bacteria. 

42 
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Leukoplakia is a rather rare accompaniment of chronic inflammation. It 
may be confined to the renal pelvis or bladder, or it may involve pelvis, ureter 
and bladder. The mucosa u pale and wrinkled so as.toVesemble skin, and the 
change is usually patchy with rather clean-cut areas. It is an epidermoid 
change, a metaplasia of the transitional t3"pe of epithelium to a squamous 
stratified type. Both in the renal pelvis and in the calyces it may be a pre- 
cursor of the non-papillary type of carcinoma, so that it may be regarded as a 
precancerous condition. 

Tuberculosis.— Tuberculosis of the re?ial pelvis occurs at an earl^" 
stage of tuberculosis of the kidney, for tlie initial lesion in the pyramid 
soon spreads to one of the cal^’ces. In the ureter the infection spreads 
in the submucosa, with ulceration of the overlying mucous membrane 
and eventual cicatrization. The entire wall is rigid and fibrosed, and 
the ureter ina\' remain wider than iionnal instead of being stenosed. 
The chief lesions ai*c usually in the upper or the low'er third. 

In the bladder the infection is usually secondary to renal tuberculosis, 
but it may come from the prostate, seminal vesicles, and epididymis, 
and in rare cases from adjacent pehic organs, e. g.. Fallopian lubes. 
In renal cases the disease begins at the ureteric o])ening, in j)rostatic 
cases it begins at the neck of the bladder. In the common renal cases 
an area of hyperemia and swelling is first seen around the opeiiing of 
the ureter, followed by the appearance of tubercles and vesicles. '^Fhe 
opening of the ureter may projt'ct like a crater into the bladder. The 
tubercles are formed in the subepithelial tissue, and the overlying 
epithelium becomes ulcerated. The tuberculous ulcer has a round 
outline, ragged, overhanging edges, and a gray, shaggy floor. Most of 
the symptoms of renal tuberculosis are due to bladder irritability. 
If the kidney is removed and the continued reinfection of tlie bladder 
stopped, the vesical lesions may heal completely if the disease has not 
gone too far. The urine is acid, but septic infection ma^" be superadded, 
when the reaction w ill become alkaline. 

Parasites. —Infection with Bilharzia haemalobia (Schistosoma hiematobiiim) 
is very common in some trojiical countries, particularly in Egypt. T\\g charac- 
ters of the parasite are described in C'hapter \'III. The ova pass in large num- 
bers from the vesical veins, where thej' are laid by the female, into the subepi- 
thelial connective tissue of the bladder. Here their sharp spines excite great 
irritation, as a result of which granulation tissue is formed which causes great 
thickening of the mucosa, as well as papillary vascular projections, from which 
bleeding readily occurs when the bladder contracts. Hematuria is thcref(»re a 
cf)nstant sjnnptom, and the ova are readily' recognized in the urine, (^arci- 
norna is a fairly common development, and offers a goofl example of the relation 
of cancer to chronic irritation. Bilharzia! lesions ma.v occur in the ureter and 
renal pelvis. Euntrongiflua gigas, a round w’f)rm, is a fairly common parasite 
in the renal pelvis of animals, and in rare cases has been found in man. 

Calculus.— A urinary (-aleulus may bo formed in the renal pelvis 
or the bladder. It may cause .symptoms in the kidney, ureter, or 
bladder. It consists of a nucleus of organic material around w^hich 
urinary salts are deposited in concentric layers, which are bound 
together by a colloid matrix f)f firganic matt(‘r. ''Fhe salts, although 
crystalline in the urine, are in the form of amorphous granules in the 
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calculus. Urinary calculi may consist of: (1) uric acid and urates, 
(2) calcium oxalate, and (3) calcium and ammonio-magncsium phos- 
phate. These constituents are often combined. The center of the 
stone may consist of uric acid or oxalate, with on the outside phos- 
phates the result of infection and decomposition of the urine. 

The uric acid stone is of moderate hardness, brown in color, and 
shows concentric rings on the cut surface. The uric acid is usually 
combined with urates and sometimes with oxalates. It occurs in 
acid urine. The oxalate stone is the commonest form of calculus and 
consists of calcium oxalate. It is extremely hard, and the surface is 
rough or may be spiny (mulberry calculus). On this account it pro- 
duces marked irritation, and is often dark because of staining with 
blood. The cut surface shows concentric laminae, but not so clearly 
defined as in the uric acid variety. The outer layers often contain 
urates. The phosphaiic stone consists of calcium phosphate and triple 
phosphates (arnmonio-magnesiiim phosphate). It is quite different 
fnmi the others, for it is white, smooth, chalky, and easily broken 
up. It occurs in alkaline urine. Deposits of phosphates are often 
formed on the surface of uric acid and oxalate stones owing to a change 
in the reaction of the urine, the result of infection. The uric acid and 
oxalate stones occur apart from gross infe(;tion in the renal pelvis 
and sometimes in the bladder, and are known as primary stones. The 
j^hosphatic stone is formed as the result of infection usually in the 
bladder but sometimes in the renal pelvis, and is therefore called a 
secondary stone. 

Etiology.- The etiology of urinary calculi is by no means clear, but 
four possible factors may be considered: (1) infection, (2) high con- 
centration of urinary salts, (3) a itamiri A deficiency, (4) parathyroid 
tumor. Infection is all-important in the secondary phosphatic stone 
which is a common consequence of the c;v'stitis associated Avith enlarge- 
ment of the prostate. Ilosenow and his associates haA e produced 
renal calculi by isolating streptococci from the urine of calculous 
patients and implanting them in the devitalized teeth of dogs. It is 
probable that a mild infection is the starting-point of most if not all 
the uric acid and oxalate stones in the kidney, although it is not 
readily detected like the gross infection which is responsible for the 
s(‘condary phosphatic stone. Ordinary pyelitis (pyelonephritis) is 
seldom associated Avith stone formation. It is much commoner in 
women, whereas renal calculus is commoner in men. The type of 
stone depends much on the reaction of the urine, and that depends on 
infection. A uric acid or oxalate stone is formed AAhen the urine is 
acid. Infection with pyogenic cocci turns the urine alkaline, and 
the stone becomes coated with phosphates. Subsequent infection 
with the colon bacillus may bring back an acid reaction, Avith the 
deposition of uric acid or calcium oxalate. In this AA’ay a stone may 
contain all three principal constituents. 

The concentration of crystalline salts is a second factor, although 
the urine may be loaded with various crystals for long periods AA’ithout 
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the formation of a stone. The experimental administration or injec- 
tion of oxalates has been followed by the formation of small oxalic 
stones in rabbits. The relation of the colloids of the urine to the 
crj-stalloids is probabl^^- of great importance, and this in turn is depen- 
dent on infection. The presence of an abnormal colloid or the absence 
of a normal one may cause the crystalloids to be precipitated, espe- 
cially if they are present in excess. Parathyroid tuvior is a possibility 
which must be considered in every case of renal calculus, especially if 
bilateral and recurring. As a result of the hyperparathyroidism cal- 
cium is removed from the hones, the blood is flooded with calcium, 
and this tends to be deposited in the renal pelvis. Such stones will 
contain a high proportion of calcium and phosphorus. A serum cal- 
cium above 1 1 .5 and phosphorus below 3.5 in a case of renal calculus 
should suggest the possibility of parath\Toid tumor. About 10 per 
cent of renal calculi are said to be due to hyperparathyroidism. Vita- 
viin A deficiency is a cause of renal calculi in the experimental animal. 
Lack of this vitamin leads to keratin ization and desquamation of tlu^ 
epithelium of the renal pelvis which may form the nidus for a stone. 
It also affects the urinary colloids, so that they fail to hold the crystal- 
loids in solution. It is probable that vitamin deficiency is responsible 
for some of the peculiarities in the geographical distribution of urinary 
calculus. 

Randall points out that a small “milk patch,” usually not more 
than 2 mm. in diameter, may .sometimes be seen on a papilla. This 
corresponds with a deposit of calcium in the cells lining the tubules. 
The epithelial covering becomes lost, and a tiny black (lot is seen on 
the milk patch. On this basis a secondary crystalline deposit, the 
true stone, is formed, which tends to undermine the patch so that the 
latter is finally torn away. It seems probable that at least some renal 
stones may originate as a so-called Randall plaque. Anderson has 
shown that microscopic calculi can be demonstrated in the papilhe 
of every kidney which is examined sufficiently carefully. The fact 
that large or symptomatic kidney stones are so uncommon indicates 
that some still unknown metabolic or other systemic factor is neces- 
sary for the deposition of large quantities of urinary salts on the nidus. 

The geographical distribution of stone is striking, and probably 
related in part to vitamin deficiency. In Egypt and in some parts 
of India it is common, but in North America it is comparatively rare. 
In eastern countries urinary stones are commonest in children, while 
in Europe and North America thc^y occur in the later years of life and 
are .seldom .seen in children. A hundrcxl years ago stone formation 
w^as common among European children. The change is probably due 
to the great improvement in the diet of the modern child. 

Stone in the Kidney.— A renal calculus is formed in the pelvis. It 
is usually uric acid or oxalate in type, and is much commoner in 
men than in women. It may be single or multiple, and may remain 
in the kidney or pass dowm into the bladder. During its pa.s.sage along 
the ureter it excites violent spasmodic contractions which are respon- 
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sible for the pain of renal colic. The large stone is unable to enter the 
ureter and is therefore often a silent stone. ‘Tt is the little stones, 
like little dogs, that are likely to make the most noise.” (Cabot.) 

The chief effects on the kidney are retention, infection, and ulcera- 
tion. If the stone blocks the opening of the ureter hydronephrosis will 
result. The stone may increase in size, and sometimes has a branched 
appearance owing to extensions into the dilated calyces; this t^ pe is 
known as a coralline calculus. (Fig. 322.) If the stone is impacted 
in the ureter so as to cause complete obstruction, there may be anuria 
and atrophy of the kidney. Infection is a common accompaniment 
of calculus, and by altering the reaction of the urine it may alter the 


external compcjsition of the stone. 
If dilatation of the pelvis has not 
occurred, the infection will cause 
pyelonephritis. If dilatation has 
occurred there will be pyone- 
phrosis. Pressure of the stone on 
the kidney causes ulceration. Much 
of the kidney may be destroyed in 
this way even without much infec- 
tion. The stone has been known to 
ulcerate through the wall of the 
pelvis and pass into the abdominal 
(*avity. 

Stone in the Ureter. —The calculus 
may be arreste<l in the ureter as it 
passes downward. This usually 
occurs at the upper end or at the 
lower end where the ureter is con- 
stricted in its oblique passage 


Fig. 322. — Larf^e coralline calculus in 
renal pelvis extcnrlinK into the calyces. 



through the bladder wall. The 


pressure of the stone causes ulceration of the wall. The ureter above 
the obstruction bcct)ines dilated, and impaction of a ureteral calculus 
is the cause of some of the most extreme forms of hydronephrosis. 

Stone in the Bladder.— A vesical calculus may form in the bladder, 
or it may originate in the renal pelvis, pass (lown into the bladder, 
and there grow greatly in size. There may be one or many stones. 
Tlie stone which begins in the bladder usually consists of phosphates, 
and forms in the alkaline infected urine which is retained in enlarge- 


ment of the prostate and stricture of the urethra. A stone which has 
reached the bladder from the kidney is usually a uric acid stone, but 
may be an oxalate stone. In the bladder it gives rise to infection, so 
that phosphates arc deposited on the surface, and the cut surface shows 
a white outer zone of phosphate and a laminated dark nucleus of uric 
acid or oxalate. A vesical calculus may reach a very great size. The 
effect of the bladder is the same as in the renal pelvis, i. e., there may 
be retention due to obstruction of the urethral opening, infection, and 
ulceration from pressure. The most characteristic symptom is hemat- 
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uria, owing to irritation of the mucosa each time the bladder contracts. 
On the other hand, it is remarkable how silent a large smooth phos- 
phatic stone may be. The irritation of the stone does not predispose 
to tumor formation. 

Tumors.— Tumors of the renal pelvis, ureter and bladder are of the 
same type, for all are lined by the same transitional epithelium. The 
bladder tumors are much the most common, and they will be described 
as the type. They may be divided into three groups: (1) papilloma, 
(2) papillary carcinoma, (3) non-papillary carcinoma. In a study of 
280 cases Aschner found 90 papillomas, 137 papillary carcinomas, and 
43 non-papillary carcinomas. It is often very difficult to decide if a 
biopsy specimen should be placed in the first or second group, and the 
coagulation produced by the transurethral punch used to remove the 
tissue makes the ilifferciitiatioii still more difficult. A benign papilloma 
has a strong tendency to become carcinomatous. For these reasons it 
is best to regard all epithelial tumors of the bladder as potentially 
malignant. 

Chronic irritation appears to be a distinct etiological factor in many 
cases. The irritant may be chronic cystitis, sometimes associated with 
leukoplakia, the ova of Bilharzia hiematobia, or aniline dye excreted 
in the urine. Workers in aniline dye factories are prone to develop the 
disease, the lung being the chief route of absorption. The carcinogenic 
substance in the dye is now known to be beta-naphthylamine. Dogs 
fed or injected with beta-naphthylamine develop tumors of the blad- 
der but not of the kidney (Ileuper, et aZ.). It is of interest to note 
that the injection of beta-anthraquinoline produces kidney tumors 
but not bladder tumors (Sempronj and Morelli). There is no relation 
between carcinoma of the bladder and vesical calculus. 

The villous yainlloma, which by some is regarded as a Cradc 1 
carcinoma, is a delicate many-fingered growth whicrh springs from a 
small area of mucosa and unfolds its fragile processes when the blad- 
der is fillecl with water, until it looks like a piece of seaweed floating in 
a marine jx>ol when viewed with the cystoscope. In other cases the 
pedicle is broad and the pnjcesses more squat, so that the tumor has a 
raspberry appearance, whether from diffusion of the irritant or from 
the implantation erf the growths it is hard to say. There is said to be a 
strong tendency to implantation of tumor cells, as the surgeon may 
discover after he has “successfully” removed the tumor, but it is more 
probable that the growth of subsequent tumors is evidence of multi- 
centric origin rather than that implantation of tumor fragments have 
occurred on so smocjth a surface. ^I'he usual sites are: (1) just cjxternal 
to the openings of the ureters, (2) at the neck of the bladder, and (3) 
in the vault. The villi consist of a very delicate framework oi con- 
nective tissue containing large capillary loops and covered by tran- 
sitional epithelium. (Fig. 323.) It is easy to understand how easily 
these fragile processes are injured when the bladder contracts, so that 
hemorrhage from the capillary loops is the essential symptom. 

The payillary mrrinmna is the commonest form. It usually arises 
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from a benign papilloma, the change occurring in any part of the 
tumor. The tumor may be infiltrating or non-infiltrating. It is the 
latter which may resemble so closely the benign papilloma. Indica- 
tions of malignancy are a departure from the normal histology (loss 
of palisade arrangement), variations in the size, shape, and staining 
characters of the cells, hyperchromatic nuclei, and the presence of 
numerous mitotic figures. 

The rim-payillary carcinoma is the least common form. The tumor 
extends under the mucosa and infiltrates the wall deeply. There is 
necrosis and ulceration, so that the tumor 
may take the form of a carcinomatous 
ulcer. ]\I icroscopically it may be scirrhous 
or inedullary in type. An epidermoid 
carcinoma may develop on top of a 
leukoplakia. The rarest epithelial tumor 
is an arlenocarrirtoma developing from 
glands occasionally present in the trigone 
of the bladder. 

Involvement of the opening of the 
ureter on each side leads to urinary 
retention and hydronephrosis, and as 
infection is easily added there is likely 
to be cystitis and pyonephrosis. Death 
may be due to uremia. 

Spread. Spread occurs to the iliac* 
and lumbar glands. The lungs and 
liver may be infected through the blood 
late in the disease. There may be sec- 
ondary growths in the bones. The low- 
grade form (papilloma) remains confined 
to the bladder. 

Tumors of the renal pelms are of the same 
typo as tlioso wliicli occur in the bladder. 

So an* tlie rare tuf}wrs of the ureter. The tumor 
is usually a malignant papilloma, and the wall 
of the ])elvis may be covered with finely Fig. S 23.— Papilloma of blad- 
branched villous processes. These arc friable dcr. The thin-wallod vessel can be 
and vascular, so that hemorrhage readily seen in the middle of the villus, 
occurs. The tumor may block the ureter X 
and cause hy dronephrosis. 1''here may be 

multiple tumors of the renal pelvis and bladder (? implantation). A 
j)atch of leukoplakia, sometimes due to the irritation of a calculus, may be the 
starting j)oint of an epidermoid carcinoma. 

Sarcoma of the bladder is very rare. It is never papillomatous. Myxoma 
and leiomyoma are very rare; the myxoma occurs especially in children. A 
dermoid cyst may occur in the wall, giving rise to the passage of hair in the 
urine (pilimiction). 

Malakoplakia. This very rare condition is characterized by yellow, soft 
{malakoH, soft), discrete nodules in the bladder mucovsa. In addition to ordinary 
inflammatory changes the lesions present highly characteristic multinuclcated 
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pliant cells containinp; calcified cytoplasmic inclusions known as Michaelis- 
Gutniann bodies. The condition is associated with cystitis. 

Diverticulum. — A divcrtioulum of the bladder is an uncommon condition. 
In chronic cystitis a certain amount of pouching may occur between the 
trabeciil® of the wall. In the more marked cases it is probable that there is 
a congenital basis. The diverticulum may be very large, sometimes as large 
as the bladder itself. The wall may consist of muscle or only of mucous 
membrane. Carcinoma may develop inside the diverticulum. 

Bone Formation. —The epithelium of the urinary tract (renal pelvis, ureter 
and bladder) has a curious osteogenic power. Experimental injury to the 
renal pelvis is followed by bone formation in the fibrous tissue external to 
the mucosa. Experimental implantation of bladder mucosa into the abdom- 
inal wall leads to bone formation (Huggins) . The same result has been observed 
in rare cases in man after operations on the bladder, e. g.^ prostatectomy. 


THE URETHRA 
GONORRHEAL URETHRITIS 

This is a very acute suppurative condition. By the end of the 
second day the crypts in the wall of the anterior urethra arc filled 
with pus cells containing gonococci, and by the third day the mucosa 
is extensively infiltrated, for the columnar epithelium offers no resis- 
tance. An acute inflammatory exudate is formed in the mucosa, and 
an abundance of pus is poured from the surface. '^I'he infection spreads 
in the submucosa until the posterior urethra (membranous and pros- 
tatic parts) is involved. Here the infection may linger for a long time 
in the glands which open on to the surface. I'he a(*ute inflammation 
may subside in the course* of a few weeks, the df‘squamated epithelium 
being replaced by epithelium of squamous type. In other cases the 
infection becomes chronic, being fed from foci in the posterior urethra. 
The mucous and submucous coats are conA crted into granulation tissue, 
which later becomes fibrosed and scarred. The scar tissue iriay con- 
tract, producing a stricture of the urethra. 

Sirktiire usually develops in the bulbous urethra, ^^le narrowing 
may be extreme, producing the results of obstruction which have 
already been considere<l (hydroneplirosis, etc.). As there is no residual 
urine there is less chance of infection than in enlargement of the 
prostate, but if a catheter has to be used frequently thv daiig(*r Iw'comes 
great. When infection does occur, the patient ma\' die of sepsis or of 
uremia. 

Stricture may be due to trauma, or may be congc*nital (s(*e below). 

Calculus of the urethra is rare. It is the result of a stone from the kidney 
or bladder being stopf)ed in the urethra. 

CONGENITAL ANOMALIES OF THE LOWER URINART TRACT 

Double ureter is a condition in which the entire ureter or only the upper part 
is duplicated. There is a double pelvis, one in the upper part of the kidney, 
the other in the lower. If the doubling affects the entire ureter, there arc two 
separate openings into the bladder. Congenital dilatation of the ureters may 
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be due to a variety of cau^s. Bilateral dilatation in male children is likely 
to be caused by a conpjenital valvular obstruction in the posterior urethra 
from a persistent urogenital membrane or an exaggeration of the normal 
mucosal folds of the urethra. Unilateral dilatation may be due to congenital 
stricture of the ureter at its point of entrance into the bladder wall. The rare 
condition of uret^ocele or cystic dilatation of that part of the ureter which lies 
within the bladder wall is due to congenital narrowing at the mucosal orifice; 
this gives rise to a characteri.stic bulging of the bladder wall at that point, 
which can be readily recognized with the cystoscope. Occasionally no obstruc- 
tion of any kind can be found to account for the dilatation of the ureter; 
such cases are attributed to a hypothetical weakness of the neuro muscular 
mechanism of the wall of the ureter. Ectopia vesicse or extroversion of the 
bladder is a rare condition in which, owing to a congenital deficiency of the 
anterior wall of the bladder with an associated splitting of the anterior abdom- 
inal wall in the middle line, the interior of the bladder is exposed and the 
posterior w'all may be extruded. The epithelium of the exposed mucosa 
undergoes metaplasia into an epidermoid type. The condition is often asso- 
ciated in the male with epispadias^ the urethra remaining open on its dorsal 
asiiect; in the female the clitoris may be split. Patent urachus is a rare con- 
dition in which urine may pass from the bladder to the umbilicus along the 
original line of the allantois. Only part may remain patent, e. gf., the outer or 
inner ends or the central portion. In the lattcjr variety a cyst of the urachus 
may result. 
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THE jmai.e reproductive system 

THE TESTICLE AND EPIDIDYMIS 

INFLAMMATION OF THE TESTICLE AND EPIDIDYMIS 

Tiik testicle and epididymis form one organ although they are 
developed separately. Inflammation may be practically confined to 
the epididymis as in gonorrhea, or to the testicle as in the orchitis of 
mumps. 

Gonorrheal Epididymitis. — Gonorrhea commences as an acute* ure- 
thritis, with marked inflammatory change in the suhepithelial con- 
nective tissue. The infection ascends the urethra and settles in the 
posterior urethra. The disease may clear up after an acute course 
of a few weeks, or the infection may linger in the posterior urethra and 
affect other parts of the genital tract. The epididymis is the chief 
sufferer, infection occurring usuall\' in the second and third months. 
The first lesion is at the lower pole*, the globus minor, but soon the 
whole organ is involved. It is seldom that the infection spreads to 
the testicle, although inflammation of the surrounding fibrous tissut' 
may make that organ feel enlarged and hard. The epididymis is 
swollen and tender. Hydrocele is often present, and there may bt‘ 
some thickening of the spermatic cord. The type of inflammation is 
unusual. As the gonococcus is a pyogenic organism, there is suppura- 
tion with the formation of minute abscesses, yet there is lU) extensiv(* 
abscess formation as might hv expected, but rather a widespread in- 
flammatory edema. The inflammation is acute and subsides cjuickly, 
but often leaves fibrous scars which obliterate the seminiferous tubuh's. 
Fortunately the epididymitis is usually unilateral. When it is bilateral, 
complete sterility may result. 

Other gonorrheal lesions are prostatitis, stricture of the urethra, 
and blood infection of distant organs. The first two are considcrcfl 
below. Blood infection may give rise to inflammation of joints 
(gonorrheal arthritis) and of tendon sheaths (tenosynovitis). 

Non-gonorrheal Epididsnnitis.— Non-gonorrheal epididymitis is very much 
less common. It is usually caused by staphylococci, sometimes by streptococci 
or Bacillus coli. The infection is secondary to stricture of the urethra, enlarged 
prostate, or inflammation of the seminal vesicles. There is abscess formation 
in the epididymis, marked hardness and thickening of the vas and seminal 
vesicle, and a tendency to chronicity and recurrences. 

Orchitis.— Inflammation of the testicle may be due to trauma or 
to acute infections. Traumatic orchitis is caused by a blow, which is 
( 668 ) 
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followed by acute inflammatory edema of the organ. The condition 
is short and acute, but sometimes results in atrophy of the testicle. 
Metastatic orchitis is the term applied to infection from the blood stream 
which occurs in certain acute fevers. It is usually due to mumps, occa- 
sionally to typhoid fever and smallpox, and rarely to other febrile and 
septic conditions. Sometimes the orchitis of mum'ps has preceded the 
parotitis. It is usually unilateral, and is rarely seen before the age 
of puberty, being commonest in young men. The enlargementls not 
great owing to the firm fibrous tunica albuginea, but the tension is 
great and the pain correspondingly severe. The epididymis is rarely 
involved. The lesion is never suppurative, but may be followed by 
fibrosis and atrophy of the testicle. Infection of extension from the 
posterior urethra may occur. In severe gonorrheal epididymitis there 
may be slight involvement of the testicle. There may be colon bacillus 
infection from a cystitis. In these cases the lesions arc suppurative. 

TUBERCULOSIS OF THE GENITAL TRACT 

As the entire genital tract, sometimes indeed the urogenital tract, 
may be involved by tuberculosis, it is convenient to consider all the 
organs together. The infection is usually 
blood-bome, and starts in the lower pole of 
the epididymis (Fig. 324), but occasionally 
in the seminal ^'esicIe. In a small proportion 
of cases the bacilli spread along the vas from 
the bladder, which itself is infected from a 
focus in the kidney. Nodules arc formed 
throughout the epidiilyinis, so that the organ 
is enlarged and hard. Caseation and lique- 
faction occur sooner or later, the skin of the 
scrotum is invoh ed, and a tuberculous fistula 
is formed. By the time the patient is seen 
clinically the disease has usually spread 
throughout the genital tract, so that the vas, 
seminal vesicles, and prostate are all involved. 

The testicle is not invohxd early, but in time 
the disense spreads to it from the epidid^Tnis, 
invading first the body of Highmore. The 
spernaitic cord is thickened aiid nodular. The 
seminal vesicle is involved early, and indeed 
the infection may commence there. The en- 
tire \'esicle is usually destroyed. The prostate 

may be infected either from the genital tract j • i i 

or from the kidney. Caseous nodules are formed in the gland with de- 
struction finally. The tunica vaginalis may be studded with tubercles, 
so that a hydrocele is a common accompaniment. *1 he other epididymis 
is often involved at a later stage, probably by way of the lymphatics. 
The bladder shows tuberculous ulcers, especially' in the trigone. The 



Fig. 324. — Tuberculosis 
of the epididymis. There 
is a caseous area in the 
lower pole and the sper- 
matic cord is thickened. 
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kidneys are occasionally involved by upward spread from the genital 
tract, but combined genito-urinary tuberculosis usually originates in 
the kidney, with secondary infection of the genital tract. 

STPHIUS OF THE TESTICLE 

Syphilis of the testicle is common. Ihilike tuberculosis it affects 
the body, seldom the epididymis. It occurs in two forms which may 
be combined: (1) a diffuse interstitial inflammation, and (2) a gumma. 
(1) The diff use form is much the commoner, and is indeed one of the 
common manifestations of syphilis, although usually overlookc'd be- 
cause it gives rise to no symptoms. The testicle is not enlarged or 
tender, but it has a characteristic wooden hardness owing to diffuse 
fibrosis, and there is a loss of the normal testicular sensation when 
the organ is squeezed. The tunica albuginea is thickened, and the 
gland is pervaded with white bands of fibrous tissue, so that the cut 
surface remains flat instead of bulging forward in the normal manner. 
Microscopically there is at first a diffuse formation of cellular inflamma- 
tory tissue containing many spirochetes, followed later b\' fibrosis 
with atrophy and disappearance of the tubules. (2) A gumma causes 
enlargement of the testicle. It is at first gray, but later becomes white 
and fibrous. Softening is uncommon, and the lesion tends to become 
scarred. 

TUMORS OF THE TESTICLE 

Great differences of opinion exist regarding tumors of the testi(rlc. 
These cannot be discussed here, and the tumors will simply be divid(‘d 
into two groups without an attempt at justification. For a discussion 
of the various \'icws the reader is referred to Ewing's book. The two 
groups into which practically all the testicular tumors fall are tlie 
seminomas and the teratomas, of which the former are the commoner. 
Many workers believe that the .seminoma arises from the germinal 
cells of the seminiferous tubules (hence the name). It seems rather 
better to regard all testicular tumors fundamentally as teratomas, 
which may be divided into the simple and the complex. The simple 
teratomas are more or less homogeneous tumors, which only possess 
representatives of one primordial germ layer; they include the semi- 
nomas. In support of this idea is the fact that one occasionally secs 
seminomas with cartilage and other structures. (\)mplex teratomas 
include embrj’oma and chorionepithelioma. An argument in favor of 
the teratomatous nature of testicular tumors is the fact that the great 
majority occur in early adult life, whilst 90 per cent occur before the 
age of fifty. 

Seminoma. —Ewing calls this tumor an embryonal cantinoma. It 
grows slowly and replaces the testicle. The cut surface is fleshy and 
homogeneous scj as to resemble that of a sarcoma. I'he microscopic 
picture is variable. The cells may be large and clear like spermato- 
cytes, or may be small and dark like the cells of a lymphosarcoma. 
The arrangement may be tubular in the most slowly-growing tumors, 
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but diffuse in the rapidly-growing ones. (Fig. 325.) It is evident that 
the tumor may closely resemble either a sarcoma or a carcinoma. The 
seminoma of the testicle is homologous with the dysgerminoma of the 
ovary; they are of similar appearance, and both originate from the 
early stages of germ cells. 



:V2r>. “Seminoma. The cellular arranpoment is anaplastic. The cytoplasm has for 
the most part disintegrated; oidy nuclei and nucleoli are seen. X 000. 



Fig. 326.— Embryoma of testicle. The structure is very varied showing tubular struc- 
tures, cystic spaces, and cartilage in the center . X 30. 


Teratoma.— This is a teratoid tumor which probably arises from 
a germinal blastomere or primitive germinal cell. As these cells are 
totipotent the tumor may contain structures derived from 
embryonic layers. It is also called embryoma, mixed tumor of the 
testicle, and, in the older literature, fibrocystic disease. T.he tumor 
may attain a very great size. The cut surface usually presents a char- 
acteristic cystic appearance (hence the old name of fibrocystic disease), 
the cysts varying much in size in different specimens and som^imcs 
being absent. The microscopic appearance is extremely varied, thoug 
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in some cases the growth is almost confined to one type of tissue. 
From the vwsoderm there may be cartilage, bone, plain and striated 
muscle, fat and lymphoid tissue; from the entoderm there may be 
tubular spaces lined by columnar cells, i. e., abortive attempts at 
forming an alimentary canal; from the ectoderm there may be stratified 
epithelium with typical cell nests. It is easy to understand how the 
tumor may be mistaken for a chondroma, myxosarcoma, adenocar- 
cinoma, epidermoid carcinoma, lymphosarcoma, etc. A usual appear- 
ance is a mixture of lymphoid tissue, cartilage, and tubular spaces, 
many of which are dilated to form cysts of varying size. (Fig. 326.) 
The picture may be that of an embryonal adeaocarcvnoma, in which 
there is the formation of acini lined by cuboidal or low columnar 
cells in addition to solid masses of cells. 

Both the seminoma and teratoma are malignant tumors, although 
the latter may show no malignant characteristics for a considerable 
time. There is lymph spread to the abdominal lymph nodes, and 
blood spread to the lungs, liver, and other viscera. 

An important though puzzling feature of malignant tumors of the 
testicle is the occurrence of a positive Aschheim-Zondek test in the 
urine. The reaction is much the most marked in chorionepithclioma 
(see below), but it may also be present in other testicular tumors. 
It seems probable that the tumor produces a hormone which stimulates 
the anterior pituitary to secrete an increased amount of prolan. It is 
said that the anterior lobe of the pituitary shows hyperplasia of the 
basophilic cells. 

Chorionepithelioma.— This rare tumor is a special development of a teratoma 
in which fetal membranes have been formed, the chorionic epithelium giving? 
rise to the chorionepithelioma. Other structures are also formed, but these 
tend to be destroyed by the malignant growth. In one case which I studied, 
typical choroid plexus was present. The tumor usually remains small, and its 
stnicture may be obscured by hemorrhage so that it is easily overlooked. 
The primary" tumor may be only a few millimeters in size, but large secondary 
growths are formed in the lungs, liver, etc. The Aschheim-Zondek test is 
positive. Gynecomastia (female type of breast development) is common. 

Interstitial-cell Tumor.— This is a rare tumor which is met with both in man 
and the lower animals. It tends to be light brown in color. The cells of which 
it is composed are arranged in solid masses supported by a minimal amount of 
delicate connective tissue. They are polygonal, intensely acidophilic, and 
may present a foamy vacuolated apf^earance owing to the presence of fat. 
When the tumors develop before puberty there is evidence of sexual precocity, 
but when they occur at a later period there may be impotence, gynecomastia, 
and a positive Aschheim-Zondek reaction due to excess of estrogen. They are 
of slow growth, and are either benign or of a low grade of malignancy. Similar 
tumors can be induced in mice by the administration of estrogen. 

Testicular Tumors and Sex Hormones.— Either masculinizing or feniinizing 
effects may be produced by tumors of three organs: the testes, o\aries and 
adrenals. As a rule .such tumors are rich in lipoid, and thenjfore yellow in 
color. Feminization in men may be caused by a rare tumor homologous 
with the ovarian arrhenoblastoma (Teilum). An adrenal cortical tumor may 
produce both estrogenic and androgenic substances. This is not so strange 
as might appear at first sight, for there is a very close chemical relationship 
between the steroid compounds which constitute the male and female sex 
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hormones. A cynic, indeed, has suggested that the only essential difference 
between Romeo and Juliet was an— OH linkage. Moreover steroids which 
produce an estrogenic effect are not necessarily identical with estrin. 

The presence of the chorionic type of gonadotropin in the urine in a case 
of testicular tumor indicates that the tumor contains chorionic tissue, for the 
hormone is only produced by such tissue. (The chorionic type must be dis- 
tinguished from the castrate type of gonadotropin; the latter, which is produced 
by the pituitary, occurs in the urine of castrates and of elderly men and women.) 
Although chorionic gonadotropin may be present in the urine, no chorionic 
tissue may be found in the tumor. In such a case it is probable that if the entire 
tumor had been examined microscopically, such tissue would have been dis- 
covered. In one such case the metastases alone showed chorionepithelioma 
(Brewer). 


THE PROSTATE 

INFLAMMATION OF THE PROSTATE 

Prostatitis may be acute or chronic. Both forms are usually due 
to gonococcal infection. The acute form is part of an acute posterior 
urethritis. It is usually mild in type, but some abscesses may be 
formed, and occasionally there is extensive suppuration. In chronic 
prostatitis foci of chronic inflammatory cells are scattered through 
the gland, with varying degrees of fibrosis. The prostate is hard, and 
may be larger or smaller than normal, depending on the amount of 
scarring which has taken place. In these chronic cases there is often 
a mixed infection with Bacillus coli, staphylococci, etc. 

HYPERTROPHY OF THE PROSTATE 

Enlargement of the prostate is very common in men over the age 
of sixty years, but only in a small number of cases (about 8 per cent) 
does it cause symptoms. It is essentially a disease of advancing years, 
and is hardly ever seen in early life. The reason of the hypertrophy 
is uncertain. It is probably an expression of imbalance of the sex 
ht)rmones in the male, analogous to cystic hyperplasia of the breast. 
WluMi estrin is injected into castrated rats there is hyperplasia of 
epithelium, smooth musclh and connective tissue. These changes do 
not occur if testicular extract is injected at the same time, nor in normal 
rats which have not been castrated. This suggests that prostatic 
hypertrophy in elderly in^n is due to a disturbance in the balance 
between the production of testicular hormone and that of estrin (also 
produced by the testicle). It may be noted that the prostates of 
children at birth often show similar changes, probably due to estrin 
from the placenta. The hope is that in the future it may be possible 
to (‘ontrol prostatic hypertrophy by means of hormone therapy. 

The condition of the prostate varies, depending on the proportion 
of glandular to fibrous tissue, so that it may be large and soft or rel- 
atively small and hard. Usually the enlargement is made up of a 
series of rather spongy nodules with clearly-defined margins; these nod- 
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ules are clearly seen on the cut surface. Moore emphasizes the marked 
difference between the lobular architecture, both gross and microscopic, 
of the normal prostate and the nodular character of benign hyper- 
plasia. The part of the gland containing the nodules enlarges so as to 



Fig. 327.— Hypertrophy of the pros- 
tate. The ghincJ is considerably en- 
larjjed. aiul the middle lobe projects up 
into the bladder, the wall of which i.s 
hypertrophied. 


form a mass which compresses the 
surrounding tissue, and this in turn 
constitutes a false capsule which 
enables the nodular mass to be 
separated and shelled out with com- 
parative ease. In other cases there 
is diffuse fibrosis rather than nod- 
ular hyperplasia, in which case no 
nodules can be seen and shelling 
out is impossible. The lateral lobes 
may be enlarged or a new middle 
lobe may be formed by hypertrophy 
of the group of glands which lies 
in the floor of the urethra. This 
middle lobe forms a conical mass 
which projects up from the floor of 
the bladder, carrying the urethral 
orifice with it. (Fig. 327.) 

The vncroscojyic appearanre is 
one of glandular hyperplasia with 
overgrowth of fibrous tissue and 
muscle in varying flegrees. (Fig. 
328.) The picture may closely 
ivseinble that of lobular hyperplasia 



Fig. 328.— Hypertrophy of the prostate. There is marked epithelial proliferation in 
the acini and ducts. X 60. 
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of the breast. The glandular tissue is increased, the acini are enlarged, 
and papillary processes of epithelium may project into the lumen. In 
other cases the glandular tissue is not hyperplastic, but there is a great 
increase of fibrous tissue and a good deal of plain muscle. Moore, 
whose studies of the structural variations of the normal prostate are so 
valuable, considers that the most striking feature of benign hyperplasia 
is the variation in appearance of the same structure in different parts 
of the prostate, compared with the uniform appearance of the normal 
prostate. As infection is a frequent complication, inflammatory foci 
may be scattered through the stroma. 

Effects.— Enlargement of the prostate is usually unaccompanied by 
symptoms. The symptoms when present are due entirely to the 
position of the gland at the urinary outlet. The effects are felt on the 
urethra, the bladder, and the kidneys. (1) The prosUitic urethra may 
he elongated, compressed to a mere slit, and rendered tortuous. This 
is the most important cause of obstruction. (2) The bladder cannot 
be completely emptied, because the urinary outlet is lifted up above 
the surrounding floor and the enlarged middle lobe may exert a ball- 
valve action. Moreover the vesical sphincter is rendered incompetent 
through being stretched by the middle lobe which grows up from the 
floor of the urethra. There is therefore a constant dribbling of urine, 
and yet the bladder is never empty. The residual urine is readily in- 
fected and cystitis results. The bladder becomes hypertrophied in its 
efforts to overcome the obstruction, and the thick bands of muscle give 
the wall a ribbed appearance. Later there is dilatation, with pouching 
of the wall between the bands producing false diverticula. Owing to 
the cystitis and the stagnation of urine, phosphatic calculi are often 
formed in the bladder. (3) The kidneys suffer because of the obstruc- 
tion and infection. The ureter and renal pelvis on both sides are 
dilated, so that hydronephrosis is produced. Infection ascends the 
dilated ureters, and causes pyelonephritis and pyonephrosis. Renal 
insufficiency now declares itself, non-protein nitrogen is retained in the 
blocd, and the patient dies of uremia. The back-pressure on the kidney 
is assc^ciated with arterial hypertension, even though the kidney 
damage is only slight. When drainage of the bladder is established 
there is a marked fall in the systolic blood-pressure within forty-eight 
hours. 

CARCINOMA OF THE PROSTATE 

Cancer of the prostate is a very common condition. It is often 
associated with hjqiertrophy, but the two conditions occur at the 
same age period, and there is no proof that there is any etiological 
relationship between them. The prostate may or may not be en- 
larged when the patient is first seen, but its chief characteristic is 
its hardness. It cuts with the gritty sensation of a scirrhous cancer 
of the breast. The cut surface is dry, does not bulge, is not nodular 
or lobulated, and shows little yellow islands of carcinoma cells like 
those seen in a scirrhus of the breast. In all these respects it differs 
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from prostatic h^^pertrophy. At die same time it must be pointed 
out that in some cases the gross differentiation is impossible, and that 
microscopic examination of a number of blocks may be necessary 
before cancer can be excluded, as the malignant process may be con- 
fined to a small part of the gland. Every prostate removed for hyper- 
trophy should be cut up into a series of thin slices and examined for 
areas of malignancy indicated by increased hardness and lessened 
elasticity. In routine microscopic examination of the prostate at 
autopsy Rich found 14 per cent of carcinoma in men of fifty years of 
age. In many of these the tumor was only a few millimeters in size, 
so that even if the patient had lived it might not have produced symp- 
toms for a long time. Moore reports 52 cases of occult carcinoma, in 
only 10 of which could a gross diagnosis be made. 

The mwromopic appearance 
is that of scirrhous carcinoma 
or adenocarcinoma. The 
former is much the commoner. 
The microscopic diagnosis is 
usually easy, but sometimes 
it is \cry difficult to distinguish 
between benign hypertrophy 
and commencing malignancy. 
(Fig. 329.) In the prostate 
when the pathologist is in 
doubt about a lesion it is 
probably malignant; in the 
breast the reverse is the case. 
In rare cases the tumor cells 
are loaded with lipoid, giving 
them a foamy appearance (car- 
cinoma xanthtanatodes) . 

The spread is important. 
The prognosis in cancer of the 
prostate is very bad. Even 
when a very early growth is 
Fig. .329.— Carcinoma of the prostate. This discovered accidentally in a 
Klandular type may he mistaken in its early prostate which haS been re- 

moved tor sunplc hypertrophy, 
the patient is likely to die of recurrence or rnetastases. Radiation gives 
no better results than surgery. In about 70 per cent of cases there is 
invasion beyond the capsule when the patient seeks medical advice. 
Even at the first examination it is common to find invasion of the 
blatlder urethra, seminal vesicles, rectum, rectovesical pouch, omentum, 
or bony pelvi.s. The spread is both local and distant. The growth 
usually starts in the posterior part of the gland and spreads up along 
the line of the ejaculatory ducts; it appears between the bladder 
and the seminal vesicles where it can be felt on rectal examination. 
The floor of the bladder and the surrounding fibrous structures are 
invaded. An important method of spread is along the perineural 
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lymphatics, which can often be seen distended with cancer cells. Peri- 
neural invasion of the capsule is one of the earliest changes, no matter 
how small the primary tumor may be. The pelvic and lumbar lymph 
nodes are involved early, and there may be lymph spread to the 
thoracic and even the supraclavicular nodes. The inguinal nodes are 
involved in about 15 per cent of cases, probably due to lymphatic con- 
nection with the seminal vesicles and urethra and retrograde transport 
from these areas. It is evident that hardly a node in the body may 
escape. Metastases are formed in the liver, lungs, etc., by blood 
spread. But the commonest distant metastases are in the bones. In 
about 70 per cent of autopsies the skeleton is found to be involved. 
The pelvis and lumbar vertebrae are the commonest sites, followed by 
femur and ribs. Spread to the sacrum and lumbar vertebrae may in 
some cases be by way of the perineural lymphatics, but, as Batson has 
pointed out, a more frequent route is probabl\' the vertebral system of 
veins. When an elderly man is found to be suffering from a tumor of 
bone, the prostate should always be examined. Moreover the bf)ne 
metastases in cancer of the prostate are different from those in other 
secondary carcinomas; the former are sclerosing in t>'pe, while the 
latter arc rarefying; a distinction which can be readily recognized 
radiologically. 

Sex Hormones and Prostatic Carcinoma.- The development and activity 
of the prostate is dependent on stimuli from the testes. Castration bef()re 
puberty prevents development of the prostate, and esastration in adult life 
causes regression of the normal gland and decrease in size in cases of prostatic 
hypertrophy. Huggins and his associates have applied these facts to the 
problem of the control of cancer of the prostate with remarkable results. In a 
series of cases orchidectomy was followed not only by an astonishing improve- 
ment in the subjective condition (bone pain, etc..), but also by such objective 
evidc»nce as a great and permanent fall in the acid phosphatase in the blood 
and a shrinkage of the primary lesiem. Injection of large amounts of estrogen 
has a similar effect on the acid phosphatase and to a lesser extent on the physical 
condition, owing apparently to neutralization of androgens which have an 
opposite effect. 

A direct relationship between carcinoma of the prostate and male gonadal 
activity is revealed by studies on the enzyme phosphatase. For long it has 
been known that phosphatase is found in abundance in growing bone and 
cartilage. It is also present in the circulating blood, and in certain of the 
osteodystrophies, particularly Paget’s disease, the level in the blood is markedly 
raised. Two varieties of the enzyme can be distinguished, alkaline phosphatase 
with an activity maximum at pH 9, and acid phosphatase with an activity 
maximum at pH 5. The alkaline phosphatase is that present in growing bone 
and is apparently produced by osteoblasts; the only conditions in which it is 
known to be increased in the blood are certain types of bone disease (especially 
Paget^s disease) and liver disease. The level in the blood may be raised in 
prostatic cancer owing to bone involvement by metastases. The add phos~ 
phalase was originally found in the spleen and kidney of swine and cattle, but 
far the greatest concenti*ation is in the prostate where it is apparently produced 
by the prostatic epithelium. A similarly large amount is found in carcinoma 
of the prostate. The enzyme can be demonstrated microscopically in the 
epithelium of both the normal and malignant gland by Gomori’s method. 
In cases where the carcinoma is disseminated in the bones, particularly the bony 
pelvis, there is a marked rise in the acid phosphatase in the scrum. Such a 
rise has been observed in no other condition. Huggins and his associates 
claim that when acid phosphatase is present in activity greater than 10 units 
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in 100 cc. disseminated prostatic cancer is present. The increase in the blood 
is not found in every case. 

Sarcoma.— Sarcoma of the prostate is very rare. It is probable that most 
of the tumors which in the past have been called sarcoma are examples of 
anaplastic, undifferentiated carcinomas. 

Prostatic Calculi. — Prostatic calculi may form in the ducts of the gland. 
They are usually minute and give rise to no symptoms. 


PENIS AND SCROTUM 

CARCINOMA OF THE PENIS AND SCROTUM 

Cancer of the peni^ begins on the glans or prepuce. The tumor shows 
a striking geographical distribution, being rare in the Americas and 
Europe, but common among the Chinese, Alalays, African negroes, and 
in India. It is extremely rare among peoples who practise circumci- 
sion; thus it is rare in Mohammedan Hindus (circumcised), common in 
Buddhist Hindus (non-circumci.sed). In over 70 per cent of cases 
phimosis is or has been present, a good example of the relation of 
chronic irritation to carcinoma. The lesion takes the form of a small 
wart at first, but a large fungating mass is formed later. The tumor 
is an epidermoid carcinoma. Secondary growths occur in the inguinal 
and later in the retroperitoneal lymph nodes. Blood spread is later 
still. Cancer of the ftcrottnn used to occur in chimney sweeps and still 
does in workers with coal tar and paraffin, owing to the continued 
irritation. 

HYDROCELE 

A hydrocele is a collection of fluid in the tunica vaginalis. It may 
be acute or chronic in type. The acute cases are due to spread of 
infection usually' from the epididymis, occasionally from the body of 
the testicle, to the tunica vaginalis. The two infections commonl;v' 
as.sociated with acute h\'drocele are gonorrhea and tuberculosis. 'I'he 
fluid, which is moderate in amount and somewhat turbid owing to the 
presence of pus cells, accumulates rapidly. The chronic variety is 
probably due to some low-grade infection, but this is not susceptible 
of proof. The fluitl is clear and watery, rich in albumin, and may be so 
abundant as to cau.se great distention of the scrotum. It may contain 
shimmering cholesterol crystals, and in some cases fibrinous bodies 
may separate out. The sac tends to bectune greatly thickened, espe- 
cially if there has been repeated tapping. In long-standing cases the 
pressure on the? testicle may lead to atrophy. 

KncystcAl hydrocele of the spermatic cord is a collection of fluid in an 
unobliterated portion f)f the processus vaginalis between the testicle 
and the intenial abdominal ring. It does not communicate wdth the 
tunica vaginalis. 

Hematocele.— Hematocele is the name given to hemorrhage into a 
hydrocele. The hemorrhage is usually due to trauma of some kind. 
Tliis may be a direct blow or kick, or it may be the result of tapping 
the hydrocele. In the latter case there is either injury to a vein by the 
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needle, or the sudden reduction of pressure outside an unsupported 
vessel may cause it to give way. Sometimes the hemorrhage may 
occur spontaneously. The cavity of the tunica vaginalis is occupied 
by breaking-down blood clot, and the walls are covered by ragged 
deposits of fibrin. 

SPERMATOCELE 

A spermatoc!ele is a cystic dilatation of the spermatic ducts of the 
epididymis. The cyst is single or multilocular, and is situated at 
the upper end of the testicle. The fluid, which contains hardly any 
albumin, is of a peculiar milkiness owing to the presence of great 
numbers of spermatozoa. 

VARICOCELE 

This is a varicosity of the pampiniform plexus of veins in the sper- 
matic cord. There is a primary and a secondary form. The secondary 
form is due to pressure on the spermatic vein, usually by a tumor of 
the kidney because of its proximity to the termination of that vein. It 
therefore is commoner over middle age. The priimiry form is very much 
more frequent. It is called primary because the cause is unknown. 
It is common in young unmarried men, and may be related to the 
congestion caused by unrelieved sexual stimulation. It is nearly 
always on the left side, so that a varicocele on the right side should 
suggest the presence of a tumor. The left spermatic vein enters the 
renal vein at right angles; the right sp)ermatic vein enters the vena cava 
obliquely. There is therefore more resistance to the outflow of blood 
from the left vein. A loaded rectum may also press on the left vein. 
The veins of the plexus are elongated, tortuous, and feel like a bag of 
worms. They empty when the patient lies down. Thrombosis is rare. 

OTHER LESIONS OF THE PENIS AND SCROTUM 

Phimosis. — Phimosis or narrowing of the prepuce is a congenital condition. 
In the more severe cases there may be marked urinary o})struction with 
hypertrophy of the bladder, dilatation of the ureters and hydronephrosis. 
The relation to carcinoma has already been mentioned. 

Calcareous Deposits. — Calcareous deposits in the penis may occur in old 
people. They correspond to formations of bone in the lower animals. 

Sjrphilis. — The primary chancre of the penis has already been described in 
Chapter VII. A primary chancre sometimes occurs in the scrotum, but 
secondary lesions (condylomata) are much more frequent. The scrotum may 
be involved in a gumma of the testicle. 

Congenital Anomalies. — Undescended testicle is a condition in which the 
testicle is arrested at some point in its descent. This may be in the neighbor- 
hood of the kidney, at the internal abdominal ring, in the inguinal canal, or 
at the external abdominal ring. The inguinal canal is much the commonest 
position. Here the testicle is exposed to trauma and therefore liable to attacks 
of orchitis. An undescended testicle is unusually prone to develop a malignant 
tumor. The gland is atrophic and the spcrmatogenic cells disappear, so that 
if the condition is bilateral the person is sterile. Virile power is retained, 
however, for the interstitial cells of Leydig do not share in the atrophy; indeed, 
they often appear to be more numerous than usual, and the best place to see 
these cells is in an undescended testicle. (Fig. 330.) Cryptorchisin (non- 
descent of testicle) is now known to be due in some cases to lack of the gonado- 
tropic hormone of the anterior pituitary which regulates the process. Admin- 
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istration of the hormone may be followed by descent of the testes. Curiously 
enough the gonadotropic hormone is present in the urine of these boys and 
disappears under the treatment (Hess). It is known that when the testes 
have been removed (or are undescended) there is an excessive secretion of 
gonadotropic .hormone. Epispadias is incomplete closure of the urethra on 
the dorsal aspect of the penis. Hypospadias^ which is more common, is the 



Fig. 330. — Hypertrophy of interstitial cells in undeseended testicle.. X 100. 


same condition on the ventral aspect. Hermaphroditism is a blending of the 
male and female sexual organs. In very rare cases testicles and ov^arics have 
been present together. The usual arrangement is for the gonads of one sex 
to be associated with the secondarv sexual characters of the other. The 
commonest form is that in which the scrotum is split so as to resemble the 
labia inajora, the penis is rudimentary, the testicles are undescended, and 
the secondary sex characters arc of the female typQ, 
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CHAPTER XXVI 

THE FEMALE REPRODUCTIVE SYSTEM 

THE UTERUS 

IVCcnstruaition. — Influence of the Ovary. — The basis for the study of 
gynecological pathology is an understanding of the changes which 
the eiidoinetriuin undergoes during the menstrual cycle. Throughout 
the entire menstrual cycle of twenty-eight days the endometrium is 
resi)oiiding to influences from the ovaries, so that the uterus may be 
said to be the mirror which reflects ovarian activity. If that activity 
becomes perverted, the changes in the endometrium will cross the 
boundary line betw’een the physiological and the pathological. 

In the human subject ovulation occurs at the middle of the menstrual 
cycle, on the thirteenth or fourteenth day from the beginning of the 
last period. Immediately after ovulation the corpus luteuni begins 
to be formed from the stratum granulosum of the ruptured follicle. 
The ripening follicle produces one active principle which acts on the 
endometrium, while the corpus luteum produces quite a different prin- 
ciple with an effect opposite and antagonistic to the follicular one. 
As soon as the corpus luteum degenerates and becomes functionally 
impotent, which happens from twenty-four to thirty-six hours before 
menstruation, the follicular principle, which has been present all the 
time though suppressed, reasserts itself and continues to do so until 
the development of the next corpus luteum. It is this resumption of 
follicular activity which is probably the direct cause of menstruation. 
If the ovum continues to live on account of being fertilized, the corpus 
luteum w ill persist and grow' larger, and the amenorrhea (absence of 
menstruation) of pregnancy is established. The follicular principle is 
called estrin or theelin, because w'hen the fluid of ripening follicles is 
injected into an animal it brings on estrus or heat. In pregnancy 
there is a great overproduction of estrin, the excess appearing in the 
urine where it can readily be demonstrated. The corpus luteum 
hormone is called progestin, because it stimulates premenstrual or 
pregestational changes in the uterus. 

In order to test for the presence of estrin in follicular fluid, in the 
urine of pregnant animals, etc., a quantity of the fluid is injei'ted 
into female mice which are either immature or have been castrated. 
In both cases estrus is produced wdthin forty-eight hours, and is best 
demonstrated by observing the presence of squamous epithelium in 
vaginal smears, for one of the changes characteristic of estrus is cor- 
nification of the vaginal mucosa. The entire genital tract shares in 
these estrous changes, wdth the exception of the ovaries w^hich are 

( 681 ) 
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unaflFected. This is the method introduced by Frank and elaborated 
hy Allen and Doisy. It must not be confused with the Aschheim- 
Zondek test for pregnancy. 

Influence of the Pituitary. — Just as the endometrium seems to be 
under the influence of the ovary, so the ovary seems to be under the 
influence of the anterior lobe of the pituitary. (Fig. 331.) The peri- 
odicity of the ovary is not inherent in itself, but is dependent on the 
anterior pituitary which regulates it. The work of Smith and Engle, 
Zondek and Aschheim, and others, has shown that implants or extracts 
of the anterior lobe of the pituitary in an immature female animal 



Days 14 14 28 

Normfll 28 day cycle 

Fig. 331 .' -Diagram iiliistrating iiiterrolatioiisljips between anterior pituitary, ovaiy and 

eridorrictrium. (.JelTeoatc.) 


rapidly bring on a state of maturity or premature puberty. As a 
result of rapid maturation of the follicles, estrin is formed and this 
brings on all the phenomena of estrus. Xo changes are observed if 
the ovaries are first removed, for a castrated animal does not respond 
to anterior pituitary" stimulation. In the literature on the subject the 
term female sex hormone often occurs. This is somewhat confusing, 
for it may include both the estrus-producing hornione of the ovary 
(estrin) and the ovary-stimulating hormone of the pituitary. In 
practice it is usually reserved for the former. It may be noted that 
estrin can l)e obtained from the male pituitary as powerful as that 
from the female. 
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Influence of the Placenta.— Extracts of placenta produce the same 
effect on the ovary as extracts of the anterior lobe of the pituitary, 
first stimulating the follicles and then causing luteinization. It is not 
possible to say with certainty if this hormone is produced by the 
pituitary and stored in the placenta or if it is produced by the plac^enta 
itself, but the latter alternative appears the more probable. (Collip.) 
During pregnancy there appears in the urine an ovary-stimulating 
principle, which is the active substance in the Aschheim-Zondek test for 
pregnancy, and which was formerly thought to be the pituitary hor- 
mone, the prolan of Zondek. It is now believed that no pituitary 
hormone appears in the urine, and that the effect is due to an 
anterior-pituitary-like substance produced by the placenta. These 
considerations do not, however, alter the great practical value of the 
test. Ill the original Aschheim-Zondek test the urine was injected into 
immature female mice, but in the more convenient Friedman modi- 
fication adult female rabbits are used (the female rabbit ovulates 
normally only after mating). If the urine is from a pregnant woman, 
in the course of twenty-four to forty eight hours the ovaries will show 
hemorrhagic follicdes (Fig. 332), or the even more significant crater from 
which the ovum is discharged 
before hemorrhage occurs into 
the follicle. After delivery the 
Aschheim-Zondek (or Frie<linan) 
test becomes negative in seven to 
ten days. If it remains positive 
it indicates retained placenta or 
the presence of hydatidifonn mole 
or chorionepithclioma. It is posi- 
tive in tubal pregnancy until 
tubal abortion destroys the chori- 
onic villi in the tube. 

It would appear that the placenta 
may produce (or store) three difTerent 
principles: estriii, anterior-pituitary- 
like (A-P-L) principle (Collip), and 
enunenin (Collip). All of these ap|>ear in the urine during pregnancy, and 
they are probably all closely related chemically. Eslrin is produced in such 
large amount during pregnancy and excreted in the urine that it seems unlikely 
that the bulk of it can be produced by the follicular tissue of the ovary. Estrin 
acts on the adult castrated animal with the production of estrus. When given 
by mouth it produces no effect on the immature animal. The A-P-L principh 
when injected into immature rats produces estrus, but not if the pituitary has 
first been removed; it evidently acts through the pituitary. It produces 
marked enlargement of the seminal vesicles and prostate in the male. Emmenin 
differs from the other two in that oral administration will bring on estrus in the 
immature animal. It produces no effect on the adult castrate. 

Endometrial Changes.— The female sexual cycle can be divided into 
two phases: (1) a proliferative, estrin or follicular phase from the close of 
menstruation to ovulation (from about the fifth to the twelfth day), and 



Fia. 3.32. — Friedman test. The ovary on 
tlie left shows hemorrhagic lesions which 
indicate a positive reaction; that on the 
riglit indicates a negative :eaf*tion. 




684 THE FEMALE REPRODUCTIVE SYSTEM 

(2) a secretory, 'progestin or lutein phase from ovulation to about twenty- 
four hours before the onset of menstruation. We shall find that these 
two phases are accurately reflected in the ovarian mirror— the endo- 
metrium. (Figs. 333 and 334.) In the estrin phase there is repair 
of the tissues destroj-ed during menstruation; in the progestin phase 
the endometrium is prepared for an approaching pregnancy (decidual 
reaction, pseudopregnancy). If the ovum remains unfertilized, all 
sign of these preparations is removed in the destructive and hemor- 
rhagic process of menstruation. 



Fig. 33S. — E^lriii phase. Fig. 334. -ProKcstin phase. X 45. 


Figs. 333 and 334. —Endometrial phases. 

The proliferative or estrin phase of the menstrual cycle is of about one 
week’s duration, extending from the end of menstruation to ovulation. 
It provides the histolcjgicul picture of what used to be consiflered the 
normal endometrium. During this period the endometrium is being 
acted on by the estrin of the ripening follicle. It grows steadily in 
thickness, the low epithelium of the postmenstrual stage becomes tall 
and columnar, mitotic figures are numerous both in the glandular 
epithelium and the stroma, there may be a pseudostratification of the 
columnar epithelium which may be several layers thick in some of the 
glands, and the glands become more and more tortuous, particularly 
in the deeper part of the endometrium giving it a six)ngy appearance. 
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The secretory or progestin phase begins after ovulation and formation 
of the corpus luteum, but the changes are only well developed about 
five days before menstruation. This is the stage of glandular activity 
and secretion (not reproduction) and of decidual reaction. The 
secretory activity of the glands becomes more and more marked, 
the epithelium which is at first distended with mucin changes from 
high to low columnar and appears to melt into the mucin which passes 
into the lumen of the gland. As a result of this activity the glands 
develop a characteristic spirally twisted or corkscrew appearance, and 
in consequence buds project into the lumen like the teeth of a saw, 
giving a false suggestion of papillary formation. It is this highly gland- 
ular but perfectly normal appearance which in the past was responsible 
for the very common diagnosis of “glandular endometritis.” By this 
time the endometrium is divided into a superficial compact layer "and a 
deep spongy layer full of spiral glands. The stroma cells of the com- 
pact layer undergo the seeond change that is characteristic of the pre- 
menstrual or corpus luteum phase, the oval cells becoming enlarged, 
rounded, and epithelioid in type, and closely resenibling the decidua 
cells of pregnancy. It is indeetl a decidual reaction, for if pregnancy 
supervenes it is these cells which form the decidua of pregnancy. For 
this reason it is never safe in malico-legal work to make a diagnosis 
of pregnancy merely because decidual cells have been found in uterine 
scrapings. The decidual reaction has been called a pseudopregnancy. 
A day or two before menstruation the superficial layer is infiltrated 
with leucocytes. Widespread necrosis of the tissue on the surface 
now takes place, the compact layer is cast off, the walls of the capillar- 
ies arc destroyed, and menstrual bleeding is the result. This necrosis 
and expulsion of tissue may be reganled as an expulsion or abortion 
of the pseudopregnancy. If impregnation has occurred and a fertilized 
ovum reaches the uterus, menstruation does not occur, the decidua- 
like layer is retained, and developed into the decidua of pregnancy. 

It is evident that these endometrial changes are the combined 
result of the follicular hormone and the lutein hormone. If ovula- 
tion fails to occur and no corpus luteum is formed, only the first set 
of changes will take place. We shall see that this is of profound 
importance, and that it is one of the principal causes of idiopathic 
uterine hemorrhage. 

ENDOMETRIAL HYPERPLASIA AND FUNCTIONAL 
UTERINE HEMORRHAGE 

Just before or during the menopause a woman may begin to suffer 
from irregular uterine hemorrhage, which may take the form either 
of profuse periodic bleeding or of prolonged and continuous bleeding. 
This irregular hemorrhage may occur at e^Iier age periods, and some- 
times in young women. W’^hen the uterus is curetted the endometrium 
is found to be thick, sometimes it forms papillary excrescences on the 
surface, and microscopically it presents a markedly glandular appear- 
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ance. It is now known, thanks to the work of Schroder and many 
others, that the condition is due to ovarian dysfunction (pathological 
persistence of a ripening follicle), that there is no primary lesion in the 
uterus, and that the hemorrhage is really functional. 

Menstruation is not necessarily dependent on ovulation. In the 
absence of ovulation there are no cyclic changes in the endometrium, 
no formation of a pseudopregnancy, but bleeding occurs just the 
same. In the condition under discussion the ovary shows two ab- 
normalities. In addition to being somewhat atrophic, there is an 
entire absence of lutein tissue, but it does contain one or more ripening 
follicles. Apparently something pre^'ents ovulation from occurring, 
and as no corpus luteum is formed the premenstrual changes in the 
endometrium do not occur. There is a continued overproduction of 
estrin by the persistent ripening follicle, and the endometrium shows 
the effect of this overstimulation by manifesting in pathological form 
the first or hyperplastic phase of the menstrual cycle. It is the absence 
of the normal secretory “topping-off” caused by progestin which is 
responsible for the type of endometrium seen in functional hemor- 
rhage. Injection of estrin into animals produces similar changes in 
the endometrium. 

The endovieiriiivi is markedly thickened, and may measure 15 mm. 
Sometimes it shows polypoidal protrusions on the surface. Micro- 
scopically the endometrium presents a highly glandular appearance. 
The arrangement of the glands is disorderly as compared with the 
normal vertical extension from base to surface, they are increased in 
number, there is great variation in size and shape, and the epithelium 
may be several layers thick (pseudostratificatioii). Some degree of 
adenomyosis is often present, i. e,, an invasion of the muscular wall 
by the glands of the endometrium; this is a minor form of true adeno- 
myoma, which itself is a manifestation of endometriosis. Cystic 
dilatation of the glands in the deeper layers is common, so as to give 
what has come to be known as a “Swiss cheese appearance,” and the 
condition has been called Swiss cheese hyperplasia. (Fig. 335.) The 
stroma cells show numerous mitoses, there is extremely marked vascular 
congestion and a good deal of edema. Decidual reaction is completely 
absent. If bleeding is going on when the curettage is done, two addi- 
tional changes will be observed: (1) necrosis of the superficial layers 
and thrombosis of the small vessels; (2) extensive infiltration with poly- 
morphonuclear leucocytes and mononuclears, but no plasma cells. 
ITie necrosis is patchy, not difliise as in true menstruation. The two 
most characteristic features of the microscopic picture are the cystic 
glands and the patchy necrosis of the surface. The hemorrhage is 
due chiefly to the local necrosis, but the cause of the necrosis is uncer- 
tain. It may be due to cessation of corpus luteum influence as in 
normal menstruation, or more probably to overstimulation which may 
lead to thrombosis. To choose a suitable name for the condition is 
difficult. From the physiological viewpoint it may be called “hyper- 
estrinism,” or from the morphological viewpoint ”cystic glandular 
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hyperplasia of the endometrium.” Its great importance lies in the 
fact that it is the chief cause of functional uterine hemorrhage. The 
ovaries commonly present many small follicular cysts and a complete 
absence of lutein tissue, this being the morphological basis of the hyper- 
estrinism. For this reason the administration of A-P-L hormone, 
which is luteinizing in its effect, is frequently of value in this condition. 



Fig. 335. “Swiss clieosc hyporplasia” of endometrium with marked glandular 

formation. X 18. 

Corpus lufeuvi oceractidfy is the converse of the condition just 
d(*scribed. The endoiiietriuni shows excessive lutein phase chsinj^es, 
e\ en a few days after the middle of the menstrual cycle, and the con- 
dition may resemble that of early pregnancy. In these cases the ovaries 
contain large corpora lutea or excess of lutein tissue. These changes 
observed in the human subject correspond with the experimental 
observations of Burch, Williams and Cunningham, who found that 
the injection of estrin or corpus luteum extract in animals produced 
corresponding changes in the endometrium. 

ENDOMETRITIS 

Acute inflammation of the endometrium may affect the pregnant 
or non-pregnant uterus. The latter is relatively ununportant. It is 



688 


THE FEMALE REPRODUCTIVE SYSTEM 


commonly caused by the gonococcus, but gonorrhea is chiefly a disease 
of the cervix, and the infection may pass from there to the tubes pro- 
ducing very little change in the body of the uterus. In acute fevers 
there may occasionally be an acute endometritis (blood infection), 
and when the cervical canal is closed by carcinoma the body of the 
uterus may be distended with pus, a condition of pyometra. Of far 
greater importance is puerperal endometritis, or acute inflammation 
of the pregnant uterus during the puerperium. 

Puerperal Endometritis.— The normal uterus is resistant to infec- 
tion, but the puerperal uterus is highly susceptible, for the interior 
presents a raw surface much traumatized and often containing portions 
of placental tissue separated from their blood supply. Secondary 
factors such as exhaustion, instrumental interference, hemorrhage, etc., 
predispose to infection. But the primary cause is the bacteria which 
gain access to the uterus. There arc three main methods of infection: 
(1) germs introduced from without, usually by attendants; (2) germs 
present in the vaginal canal; (3) autogenous infection from an extra- 
genital source in the patient herself, usually the nose and throat. In 
the great majority of cases streptococci are the infecting germs. These 
may be aerobic or anaerobic. Most of the severe infections arc due 
to aerobic hemolytic streptococci. Lancefield and Hare, by means of 
precipitin tests have divided hemolytic streptococci into four groups, 
A, B, C, and D, of which only Group A is responsible for human 
infection. Fully two-thirds of the hemolytic streptococci occurring in 
the nose and throat are harmless for man, not being in Cxroup A, an 
important point to remember in looking for the source of infection in 
an outbreak of puerperal sepsis in a hospital. Group A is found in 
the vagina in puerperal sepsis and in the throats of carriers or of the 
patient herself. Thus the human nasopharynx is the main reservoir 
of the A strain in Nature, the germs being transmitted by various 
means to the parturient canal. It was in 1910 that Schottiniiller first 
called attention to anaerobic streptococci as a frequent cause of puerperal 
sepsis, but it is only very recently that this truth has been generally 
accepted. The great majority of mild cases arc caused by these organ- 
isms. The infection is of a less severe type, less likely to prove fatal, 
as anaerobic streptococci are generally non-invasive saprophytes, 
but under favorable conditions such as the presence f)f thrombi in the 
uterine veins they may reach the blood stream with fatal results. It is 
an endogenous infection, as the germs are in the vagina of a large 
percentage of women at term. Its control presents therefore a more 
difficult problem than exogenous infection, but it may be combated by 
the vaginal instillation of antiseptics. It is evident that in anaerobic 
infections the streptococci will be found in smears but not in ordinary 
cultures unless anaerobic methods are used. 

The uterus is soft, flabby, and enlarged because normal involution 
is prevented. The cavity is lined by dirty, breaking-flown, necrotic 
material, under which there is a protective zone of leucocytes. When 
the infection is mild this zone is wide, and discharge of the infected 
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matenal is followed by recovery, for blood invasion has not occurred. 
In the severe streptococcal infections, the leucocytic zone is thin, and 
the organisms are seen spreading into the deeper parts of the uterine 
wall. They may reach the serous coat and set up peritonitis, they 
may pass along the Fallopian tubes and flood the general peritoneal 
cavity, or they may spread throughout the body by the blood stream. 
The large venous sinuses are filled with septic thrombi, which break 
down and pass into the circulation as septic emboli, setting up pyemic 
abscesses in the lungs. The blood infection is also responsible for 
abscesses in the kidneys, joints, etc. An acute endocarditis is a fre- 
quent complication. Blood culture is often positive owing to the 
severe septicemia. 

Endocervidtis: ‘Cervical Erosion.”— The endometrium of the body 
of the uterus does not provide a favorable nidus for chronic infection 
on account of its simple glandular structure and the fact that in large 
measure it is renewed every month. The reverse is true of the cervix. 
Here there are no menstrual changes, and the complex racemose glands 
may harbor infecting microorganisms for long periods. Chronic 
inflammation of the cervix is accordingly the commonest of all gyneco- 
logical lesions. By far the commonest cause is laceration of the cerv^ix 
at childbirth, followed by pyogenic infection. The usual infecting 
organisms are staphylococci, streptococci, and Bacillus coli. Gonor- 
rheal infection of the cervix is the second common cause, but it is of 
minor importance compared with the first. The gonococcus may infect 
a laceration, or it may cause infection in a nullipara, as the gonococcus 
can readily penetrate intact columnar epithelium. The following 
description applies to the cases which follow laceration. 

The infecting bacteria gain entrance to the racemose glands which 
arise from the columnar epithelium of the cervical canal and penetrate 
the depths of the muscle. These glands are not seen in the vaginal 
portion of the cervix which is covered by stratified squamous epithe- 
lium. The glands are irritated as the result of the infection, and pour 
out the thick, viscous, mucopurulent secretion which is characteristic 
of leucorrhea. It may be said that leucorrhea is almost always a sign 
of cervicitis. The stroma of the endometrium shows edema, and an 
infiltration with lymphocytes and plasma cells, the latter being the 
most characteristic cells of chronic inflammation in the female genital 
tract. In time the inflammation extends to the fibromuscular layer, 
so that the condition becomes a true cervicitis and not merely an endo- 
cervicitis. The columnar epithelium of the surface is curiously resistant 
and is not desquamated. 

Owing to the constant irritation of the infected leucorrheal discharge 
or for some other reason at present unknown, a patch of squamous 
epithelium at the external os undergoes maceration and becomes 
separated, leaving a raw surface which partially or completely sur- 
rounds the os. The raw surface is quickly covered by an outgrowth 
of the columnar epithelium of the cervical canal. The covered patch 
remains red, however, for the underlying vascular tissue shines through 
44 
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the thin layer of epithelium. This is the condition which has been 
known in the past as “cervical erosion,” a mere clinical nickname for 
the raspberry red appearance of what used to be thought was a true 
granulating ulcerat^ surface. If the cervix has been badly lacerated 
the os may become everted and patulous. The new epithelium 
appears to be stimulated by the constant irritation, and gives rise to 
new' racemose glands in the portio vaginalis. This gland formation 
may be very marked, so that the condition has been called a pro- 
liferative adenoma, and may give to the surface a nodular appear- 
ance. In course of time the inflammation dies down, and as a sign 
of healing the squamous epithelioma once more replaces the columnar 
type over the disputed patch, either by growing under it from the 


^6" '■ 



Fig. 336. — Endocervicitis with marked glandular proliferation and Nabothian follirlca. 

X 16. 


edge or by a conversion of the columnar into the squamous stratified 
type. The new' epithelium tends to close the mouths of the ducts of 
the new' glands, and these may undergo cystic dilatations so as to form 
the bluish swellings on the portio Vaginalis known as Nabothian 
follicles. (Fig. 336.) In some cases the squamous epithelium may grow 
down into the ducts, forming epithelial plugs w'hich may be mistaken 
for commencing carcinoma. In the deeper parts of the cervix there is 
fibrosis and scarring, so that the cervix becomes hard, and owing to 
contraction of the scar tissue there may be marked eversion of the os. 

Pelvic Cellulitis (Parametritis).— This is a term commonly used by gynecolo- 
^sts. Cellulitis signifies an inflammation of connective tissue due to a wound 
infection. Pelvic cellulitis may result from infection of lacerations of cervix 
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and vagina occurring during parturition or abortion, or from surgical operations 
on the cervix.^ It frequently occurs in conjunction with carcinoma of the 
cervix. Infection reaches the pelvic cellular tissue either by lymphatics or 
direct continuity of tissue. The common infecting organism is the strepto- 
coccus. Infection spreads in the retroperitoneal fascial planes and there may 
be abscess formation. While the condition may be a long drawn out one, 
resolution is usually complete and no impairment of reproductive function 
results. 

SYPHILIS OF THE UTERUS 

The cervix is the only part of the uterus affected by syphilis. The lesion 
may be primary, secondary or tertiary. The primary lesion is a chancre, which 
can only be diagnosed with certainty by finding the Spirochjeta pallida with 
the dark-field method. Many cervical chancres have been diagnosed clinically 
as carcinoma, llie secondary lesion is a mucous patch. The tertiary lesion 
is a gumma, which may also be mistaken clinically for carcinoma, but can 
easily be distinguished from it in microscopic sections. All of these conditions 
are uncommon. 

ENDOMETRIOSIS 

This conveniently non-committal term is used to denote a con- 
dition characterized by the formation of endometrium-like masses 
in a variety of places in the female pelvis and abdominal cavity. 
As the masses may resemble tumors they are known as endometrio- 
mata. The origin of these lesions is a matter of dispute. 

It was Sampson of Albany who in 1921 w^as the first to direct atten- 
tion to that manifestation of endometriosis which he called endometrial 
implants. The occurrence of so-called chocolate-colored cysts of the 
ovary had long been recognized, and lesions of similar structure were 
found in the recttovaginal septum and other parts of the pelvis. 
Sampson suggested that these lesions were due to implantation of 
living endometrial cells on the surface of the ovary, peritoneum, etc. 
These cells were supposeti to be cast into the cavity of the uterus 
during menstruation, pass along the tubes, and finally settle and grow 
at the site of the future lesion. The “implant’’ consists of gland-like 
spac(is surrounded by columnar epithelium, and separated by the 
cellular stroma characteristic of the endometrium. Hemorrhage occurs 
at each menstrual period, so that the lesion contiiins either fresh blood 
or blood pigment. When the ovarian cyst ruptures the contents 
are scattered throughout the pelvis together with more desquamated 
endometrial cells which set up secondary endometrial implants. 

Jacobsen’s experimental work served to support Sampson’s theory. 
Uterine curettings from rabbits in heat were sowed in the abdominal 
cavity, and implants were formed in 83 per cent of the animals. 
Similar results were obtained in monkeys, the implants being identical 
with those seen in the human patient. 

Sampson’s views have met both with support and opposition, the 
latter especially in (Germany, where R. Mayer’s theory of the serosal 
origin of the supposed implants is the popular one. The serosal 
theory, with which the writer is in agreement, is based on tlie fact 
that the entire epithelial apparatus of the female genital tract (endo- 
metrium, germinal epithelium of the surface of the ovary, etc.) la 
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derived originally from the primitive peritoneum which forms the 
epithelial lining of the celcmiic cavity. As the result of ovarian hor- 
monal stimulus the serosa is believed to revert to its original function 
and form epithelium-lined cavities. Every pathologist is familiar with 
the fact that as the result of some stimulus such as chronic irritation 
the flattened serosal cells in either sex may become cuboidal, invade the 
underlying tissue, and surround gland-like spaces. 

The question of ectopic decidual reaction is of interest in this con- 
nection (Weller). A nebular decidual reaction in the subserosa of the 
appendix is common during pregnancy. Similar lesions are found on 
the ovary, tube, broad ligament, rectal wall, etc., i. e,, a similar dis- 
tribution to endometriosis. On the appendix the nodules are often 
mistaken by the surgeon for tubercles. It is evident that under 
appropriate hormonal stimulation decidual elements may develop from 
the connective-tissue cells which lie under the serosal cells in the 
pelvis and lovrer abdomen. The mesothelial cells of the surface, espe- 
cially when entrapped in adhesions, appear to form the epithelial 
elements of endometriosis. Excessive estrin stimulation of the 
mesothelial and connective tissue is probably responsible for at least 
many cases of endometriosis, just as it is probably responsible for 
fibroadenoma of the breast, adenomyoma of the uterus, and possibly 
uterine fibroids. It may be noted that in all these conditions sterility 
and uterine hemorrhage are commonly associated features. 

The older view that the chocolate-colored blood cysts of the ovary 
are follicular in origin has been revived by King. It has long been 
known that some cysts derived from the Graafian follicles, and espe- 
cially from atretic follicles, may be lined by epithelium which cannot be 
distinguished from that of the endometrium. This is only natural, 
as the epithelium of both organs has a common developmental origin. 
Rupture of a chocolate-colored cyst may be followed by implants on 
the peritoneum. It is important to realize that the idea of normal 
adult tissues becoming implanted in other organs and growing there 
so as to produce irritation is quite without precedent in the science of 
pathology. Finally it must be recall^ that transplantation is not 
necessary to account for the presence of a tissue at a distance from the 
normal site of that tissue. Metaplasia will give the same result. 

These objections are raised not with the idea of discrediting Samp- 
son’s theory and the brilliant work by which it has been supported, 
but in order to bring home the truth that it is still a theory, and not a 
fact as many gynecologists seem to imagine. It is possible that some 
of the lesions may be endometrial in origin, some serosal, and some 
ovarian. 

The occurrence of the lesions is confined to the active reproductive 
period of the patient’s life. Removal of the ovaries may be followed 
by atrophy and disappearance of the lesions. They are said occasion- 
ally to undergo malignant change, and Sampson believes that some of 
the malignant cystadenomas of the ovary arise in this way. 

The lesiona are most often seen in the omry^ where they form one 
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variety of ovarian hematoma, and are commonly known as chocolate- 
colored cysts (Plate XVIII, Fig. 1). The cysts, which are close to the 
surface, are quite small, are lined by columnar epithelium, and sep- 
arated from one another by the highly cellular stroma so characteristic 
of the endometrium, in which are embedded many small glands like 
those of the uterus. There is no plain muscle in the ovary, but in the 
other lesions this is commonly present. The contents are hemorrhagic, 
and the blood is renewed at each menstrual period. Rupture of the 
cysts and liberation of the blood may be followed by the formation of 
peculiarly dense adhesions which in the past have been naturally 
thought to be inflammatory in nature. 

Similar lesions may occur in the rectovaginal septum. The dense 
and hard adhesions may be mistaken for a malignant growth in this 
region. Endometriomata may occur in the Fallopian tubes, the 
broad and round ligaments, the appendix, the wall of the intestine 
(Plate XVIII, Fig. 2), the umbilicus, the groin and in abdominal scars 
after operations on the uterus. Blood may be discharged from an 
umbilical endometrioma at the menstrual period. Endometrioma of 
the groin is particularly puzzling. Here the mechanism cannot be 
that of endometrial implantation. Sampson has shown that endo- 
metrial tissue may be found within lymphatics and venous sinuses, 
and suggests that the cellular masses may spread in the same way as 
carcinoma, i. e., by the lymph and blood stream as well as by the 
natural passages (tubes). An inguinal endometrioma may therefore 
be due to lymph spread. Or it may arise from the remains of an em- 
bryological peritoneal process in the inguinal canal, the processus 
vaginalis (serosal origin). 

TUMORS OF THE UTERUS 

Fibromyoma.— The tumor known as myoma, fibromyoma and 
fibroid tumor of the uterus is the commonest of all neoplasms. It is 
even more frequent in colored than in white women. Although not 
strictly accurate the condition is commonly called a fibroid. The 
tumors are confined to the reproductive period of life. This suggests 
that they may bear some relation to ovarian activity. The ovaries 
are often enlarged, and contain cysts and large unruptured follicles. 
In the breast the common fibroadenoma, which is often more of a 
fibroma, is most probably due to abnormal ovarian stimulation. 
The same may be true of the fibromyomas of the uterus. They never 
appear after the menopause, and usually tend to retrogress in that 
period. When estrogenic hormone is introduced under the skin of a 
guinea-pig in tablet form, uterine fibromyomata are produced; these 
cease to grow and retrogress when the hormone ceases to act. The 
tumors occur chiefly in the body of the uterus. Cervical tumors are 
relatively uncommon. 

In its gross appearance the fibroid tumor varies considerably. There 
may be a single tumor or large numbers; they may be very small or 
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very large, and their consistence may be much changed by degen- 
eration. As a rule, the tumor is hard, circumscribed, and the cut 
surface presents a whorled appearance, due to interlacing bundles 
being cut in different planes. The more fibrous tissue it contains, the 
harder and whiter it is, contrasting with the relatively soft and brown- 
ish-red surrounding muscle. (Fig. 337.) As it grows expansively 
it compresses the muscle and thus forms for itself a capsule from 
which it can often be shelled out. According to its site the tumor 
is divided into interstitial, submucous, and siibperitoneal varieties. 
The interstitial is the common form, for every fibromyoma commences 
in the substance of the muscle. It is well supplied with blood from 
the surrounding muscle, so that degeneration is not very common in 



Fig. 337. — Fibromyomata of uterus. The white color is due to the larpc amount of 

fibrous tissue. 


this form. The svhmucons fibroid is formed by the centripetal growth 
of an interstitial tumor. It projects into the uterine cavity, and, 
owing to the uterine contractions it may become more and more 
polypoid, until finally it may appear in the vagina. En cii wIumi (juite 
small it may cause marked uterine hemorrhage owing to the irritation 
of the endometrium which it produces. The overlying endometrium 
may be remarkably thickened. A large tumor may distend the 
uterine cavity, giving an appearance which may so closely simulate 
pregnancy that a correct diagnosis may be impossible even when the 
abdomen has been opened. In rare cases the cavity of the uterus may 
be covered with small tumors. The subperitoneal fibroid is centrifugal 
in growth, so that it becomes subserous and may be pedunculated. 
Twisting of the pedicle may interfere with the Idood supply, so that 
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degenerations are most common in this form. In rare cases the tumor 
may become adherent to the omentum and derive its chief blood 
supply from that source (parasitic fibroid). The subperitoneal tumors 
are usually multiple and may attain an enormous size. It is common 
to find two or all three varieties present in the same uterus. 

The microscopic appearance is a mixture of plain muscle and fibrous 
tissue in varying proportions. The muscle fibers run in interlacing 
bundles, some of which are cut longitudinally, some transversely. 
(I^ig. 338.) The small tmnors consist mostly of muscle, but as they 
grow in size the proportion of fibrous tissue becomes greater, and 
tumors of long standing may be almost entirely fibrous. The nuclei 
of the muscle fibers arc short, plump, and fusiform, while those of the 
fibroblasts arc longer, slender, and curved. 



Fuj. S3S. -Myoma of utcnis. The fibers run in interlaeing bundles. X 225. 


Uenira I fibroids, i, e., tumors originating in the cervix, are not com- 
mon, although fibroids of the body may invade the cervix. A true 
c(T\'iciil fibroid is single. As it grows in size the uterus becomes 
I)crc hcd on the summit of the tumor, and if the patient becomes preg- 
nant normal delh ery is impossible. 

Degenerations,- The blood supply of a fibroid is easily interfered 
with, so that degenerations are common. The subperitoneal form is 
nourished solely* through its pedicle, and it is in this variety that degen- 
eration is most frequent. Atrophy may occur after the menopause, 
due probably to loss of the ovarian stimulus, and a similar result may 
follow removal of the ovaries. Hyaline degeneration is the commonest 
change, and is due to an insufficient blood supply. The fibrous tissue 
becomes hyaline, and the muscle fibers tend to disappear. Cystix: 
degeneration may follow the hyaline change. The hyaline material 
becomes liquefic'd, and cyst-like spaces are formed, but they have no 
epithelial lining. Fatty degeneratum is seen in old fibroids. The cut 
surface is yellow and homogeneous, and the muscle fibers contain fat 
droplets which can be demonstrated by means of the special stains for 
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fat. Calcification may be a sequel to fatty degeneration, and is seen 
in the subserous fibroids of elderly women. The entire tumor may 
become converted into a mass of stone, which forms a striking feature 
in the roentgen-ray picture, but gives rise to no special symptoms. 
Red degeneration is a peculiar change usually associated with preg- 
nancy, and marked by sudden pain and tenderness in the tumor. The 
latter becomes quite soft and of a bright red color like that of raw 
beef (Plate XIX). The red color is due to a collection of blood in the 
tissue which becomes hemolyzed and causes diffuse staining of the entire 
tumor. The condition is probably the result of thrombosis of the veins, 
so that it may be regarded as a red infarct. The venous obstruction, 
usually occurring as it does in pregnancy, may be attributed to pres- 
sure, contractions of the uterus, or torsion of the tumor. The change 
is commonest in the interstitial variety. Sarcomatous degeneration of 
a myoma is discussed in connection with Sarcoma of the ITterus. 

Adenomyosis.—In this condition there is an intermingling of glan- 
dular and muscular elements. It is not a true tumor, so that the term 
adenomyoma, formerly applied to it, is a misnomer. Von Reckling- 
hausen believed that the epithelial elements of the lesion arose from 
portions of the Wolffian body which had become separated in early 
fetal life, but Cullen showed by means of serial sections that there was 
direct continuity of epithelium between the lesion and the endomet- 
rium. Areas of decidua have been found in the lesion shortly after 
labor, and even in cases of tubal pregnancy. Although the lesion is 
sometimes sjwken of as a variety of endometriosis, it will be apparent 
that the relation of the t>vo conditions is merely casual and in no wa,\^ 
intimate. Adenomyosis consists of and is derived from endometrium, 
but in endometriosis the new tissue is more probably of serosal origin. 

The gross appearance is usually characteristic. The lesion may be 
limited to the anterior or posterior wall or may form a mantle just 
outside the mucosa. Although the uterus may be enlarged to two or 
three times its normal size, and the affected part may be markedly 
thickened, the normal outline of the organ is usually retained. When 
the uterus is opened the diagnosis can often be m^e from the gross 
appearance. The anterior or posterior wall is diffusely thickened, with 
a complete absence of the sharp demarcation so characteristic of the 
ordinary fibroid. The thickened portion of muscle is coarsely striated, 
and homogeneous translucent areas resembling mucous membrane may 
be scattered through it. These areas often present a brownish dis- 
coloration due to the presence of extravasated menstrual blood. Small 
cystic spaces filled with chocolate-colored contents may be scattered 
throughout these mucosal areas. The line of demarcation between the 
lesion and the normal mucous membrane is always sharp; it extends to, 
but never into, the endometrium. 

Microscopically f the growth is made up of fibromyomatous tissue, 
only diflTering from that of an ordinary fibroid in that it is not en- 
capsulated, together with glandular structures. The latter resemble 
the normal endometrium, although not so regular in appearance (Fig. 
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Red Degeneration of Uterine Fibroid 
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339). ^‘The uterine mucosa is often of normal thickness and looks 
perfectly normal, but as we approach the underlying diffuse myo- 
matous tissue the mucosa is seen to penetrate it in all directions, 
sometimes as an individual gland, but often large areas of mucosa are 
seen extending into the depth. In favorable sections one can follow a 
prolongation of the mucosa half way through the uterus’’ (Cullen). 

Interstitial Endometrioma.— 

In endometriosis the dominant 
element is epithelium. Occa- 
sionally the interstitial cells of 
the endometrium assume invasive 
qualities under the influence, 
apparently of hormonal stimula- 
tion. Under normal conditions 
root-like strands of these cells 
penetrate for a short distance 
into the muscularis. As the re- 
sult of abnormal stimulation this 
invasion may become almost 
sarcomatoid in its character and 
form a tumor-like lesion known 
as interstitial endometrinma 
(Goodall). The interstitial cell 
is in a constant state of flux 
during the sex life of the indi- 
vidual, and it has a high poten- 
tiality for differentiation, so that 
the mass may resemble a sarcoma 
(soft) or fibroma (hard) in both 
gross and microscopic appear- 
ance. Undoubtedly in the past 
this condition has frequently 
been diagnosed pathologically as sarcoma. An unique feature presented 
by some of these tumors is the presence on the cut surface of hundreds of 
worm-like masses occupying either lymphatics or veins. In one case with 
which I am familiar the patient is alive and well four years after removal of 
the uterus, although long strings composed of masses of interstitial endome- 
trial cells could be pulled out of the veins of the uterine wall. 

Caxcinoma of the Cervix.— Cancer of the uterus is one of the com- 
monest forms of cancer, and cancer of the cervix is much more common 
than cancer of the body. The two forms are so different in their 
behavior that they may be regarded as different diseases. Uterine 
cancer is much less common in Jewesses than in any other race. Over 
90 per cent of cases occur in women who have borne children, and 
it is noteworthy that the fecundity of patients who eventually develop 
this form of cancer is above the average. Laceration of the cervix 
is a frequent antecedent. These facts form the basis for the confident 
assertion that injury to the cervix is the most important etiological 
factor. Although this dogma has been accepted for many years, it 
seems time to call it in question. In no other part of the body does a 
single laceration, even though followed by infection, act as a carci- 
nogenic agent. It is now known that the epithelium of the cervix 



Fig. 339. — Adenomyosis of the uterus. Deep 
in the wall of the uterus there arc dilated endo- 
metrial glands surrounded by the cellular 
stroma of the endometrium. 
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is subject to hormonal stimulation, and it is possible that this may be a 
factor of greater importance than trauma (Hofbauer). The prolonged 
administration of estrin produces cancer of the cervix in the mouse, 
an animal in which this form of cancer is unknown as a spontaneous 
disease (Gardner, et aL). It may be noted that cancer of the cervix 
occurs only in those mice which have shown themselves to be resistant 
to mammary cancer or in whom this form of cancer has been removed 
surgically. The highest incidence of female genital cancer occurs at or 
after the menopause when ovulation has stopped. There is, therefore, 
no corpus luteum hormone, but the output of estrogen may continue, 
especially if the ovaries are cystic. Carcinoma of the cervix may 
occur in women who have been delivered by Caesarian section, and 
in whom there can be no question of laceration of the cervix. In one 
case with which I am familiar carcinoma developed ten years after 
delivery by section. It is evident that hormonal imbalance must be 
considered as a possible agent in the etiology of female genital cancer. 

The gross appearance may take a papillary form or an infiltrating 
form. (1) The papillary variety forms a large fungating mass, pro- 
jecting into the cavity of the vagina, and appearing to arise from the 
lip of the external os. There is little tendency to invasion of the 
deeper tissues, and as hemorrhage, especially after coitus, is an early 
symptom, diagnosis may be made fairly early, so that the prognosis 
is less unfavorable. (2) The infiltrating variety (Fig. 340), which is the 
common one, may give little sign of a tumor on the surface, but extends 
deeply in the direction of the internal os, causing enlargement and 
hardening of the cervix, but unaccompanied by symptoms for a con- 
siderable time. In the course of time there is extensive necrosis and 
sloughing, with destruction of the cervix and the formation of a ragged, 
badly infected cavity. (Fig. 341.) Sometimes the cervical canal 
becomes blocked by the tumor, so that drainage from the uterine 
cavity is impossible and pus accumulates, often under very high 
pressure, a condition known as pyometra. A similar state of affairs 
may be produced by fibrosis and cicatricial contraction of the canal 
caused by treatment (often cure) of the tumor by radium. Wlien the 
cervix is painted with LugoFs solution the normal epithelium is colored 
a deep brown by the iodine (glycogen reaction), while diseased epi- 
thelium and cancer is unstained. This is used as a guide for the site of 
biopsy in early cancer (Schiller test), but unfortunately cervical erosion 
also remains unstained. 

The microscopic appearance has caused most of the difficulties of 
classification. Two types of epithelium are found in the cervix. The 
vaginal portion (portio vaginalis or simply portio) is covered hy strati- 
fied squamous epithelium of the epidermal type, while the cervical 
canal is lined by a single layer of columnar epithelium. Correspond- 
ing to these two types of epithelium we find two typea of tumor, a 
common epidermoid carcinoma, and a rarer adenocarcinoma which 
forms less than 4 per cent of the total. But it is not safe to conclude 
that the former must arise from the portio and the latter from the 



TUMORS OR THE UTERUS 


699 


cervical canal, for squamous epithelium may extend into the canal, 
and the racemose glands of the portio may be the starting-point of an 
adenocarcinoma. It seems probable that in the majority of cases the 
tumor originates at the external os which has been the seat of a cervical 
erosion with change from a squamous to a columnar type of epithelium 
and reversion again to a squamous type with gradual development of 
an epidermoid carcinoma. Columns of cells grow down into the deeper 
tissues, usually showing numerous mitotic figures. ^ 

Gynecologists have made 



Fig. 340.— Infiltrating carcinoma of Fig, 341.— Carcinoma of cervix. The cervix is con- 

the cervix uteri. verted into a ragged fungatiiig mass. 


therapy plays such an important part in the treatment of the condition. 
It seems better to speak merely of the degree of differentiation which 
the tumor exhibits. The cases of epidermoid carcinoma may be 
divided into three groups according to their degree of differentiation, 
and these groups show a corresponding variation in degree of radio- 
sensitivity (Healy and Cutler). Group 1 (20 per cent) is the adult 
type, made up of highly differentiated cells with a tendency to cor- 
nification and the formation of pearls. It is radio-resistant. Group 2 
(60 per cent) is the plexiform type in which the cells have lost most of 
their squamous character, show a plexiform arrangement, a tendency 
to infiltration, and a moderate degree of anaplasia. (Fig. 342.) The 
tumor is more radio-sensitive. Group 3 (20 per cent) is the anaplastic 
type in which the cells have lost all squamous characters, are com- 
pletely undifferentiated and diffusely invasive. They are highly radio- 
sensitive. When the results of radiation therapy are analyzed the 
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curious position is revealed that the best results (permanent cure) are 
obtained with the most malignant tumors, i. e., those of Group 3. The 
reverse is the case when the growths are removed surgically. The 
rather uncommon adenocarcinoma seems to be less invasive than the 
epidermoid form, so that the operative results are more favorable, 
but it is less radio-sensitive. 



Fig. 342. — Carcinoma of cervix. The plexiform arrangement of the epidermoid cells is 

well shown. X 115. 

The method of diagnosing uterine cancer by examining the cells of a 
vaginal smear, first suggested by Papanicolaou in 1928, is claiming 
increasing attention. In 127 cases of cervical cancer a correct diagnosis 
by vaginal smear was made in 123 (Papanicolaou and Traut). The 
material is aspirated, blown on to a slide, fixed before being allowed to 
dry, and stained. A positive result indicates that a confirmatory 
biopsy should be performed. In cervical cancer abnormal cells are 
found in the smear showing great variety of form and size, atypical 
structure of their nuclei, and vacuolization of the cytoplasm. 

Spread.— Spread may occur by permeation, by the lymph vessels, 
or by the blood stream. Permeation may carry the tumor cells out- 
ward to the parametrium, forward to the bladder, backward to the 
rectum, and downward to the vagina. It is very seldom that the 
tumor spreads so as to invade the body of the uterus, although the 
entire cervix may be involved. Obstruction of the ureters is common, 
causing an ascending infection which may prove fatal. Lymphatic 
spread leads to involvement of the iliac, hypogastric and sacral groups 
of lymph nodes. The tumor generally metastasizes late; only about 
50 per cent of autopsy cases show gross metastases, and in radical 
hysterectomies lymph-node involvement averages about 30 per cent. 
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Cullen found malignant nodes in only 2 per cent of cases where the 
disease was still confined to the uterus. Blood spread is not common 
and is only found in advanced cases, in accordance with the rule that 
epidermoid carcinoma does not tend to invade the bloodvessels. 

Carcinoma of the Body of the Uterus.— Cancer of the body of the 
uterus is much less common than cancer of the cervix, constituting 
only 10 per cent of the cases of uterine carcinoma. It occurs later in 
life, usually after the menopause, so that irregular bleeding isjnore 
likely to cause alarm. It is much less infiltrative than cervical carci- 
noma. For these reasons the prognosis is more favorable. Child-bear- 
ing is not an etiological factor, for it is even more common in nulliparse 
than multiparse. 



Fio. 343. — Carcinoma of the body of the uterus. The uterus is bicomuate, and the 
carcinoma fills the cavity of both horns. 


The tumor usually begins in the endometrium of the fundus and 
spreads superficially so that a large surface may be involved. (Fig. 
343.) It assumes the papillary rather than the infiltrating form, a^d 
may constitute a mass which occupies the greater part of the uterine 
cavity, and causes a moderate degree of enlargement of the organ. 
Involvement of the cervix is very rare. Invasion of the muscular wall 
occurs in time, so that care must be exercised in performing a diagnostic 
curettage to avoid perforating the uterus, but there is never the early 
involvement of the parametrium which is so characteristic of cancer 
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of the cervix. Curettage gives definite chunks of cancer tissue; if the 
scrapings are scanty, soft and pink they are almost certain not to be 
malignant. 

Microscopically y the picture is usually that of a typical adenocarci- 
noma with irregular malignant tubules invading the underlying 
muscle. Sometimes the structure is more anaplastic with little glan- 
dular formation. Diagnosis from fragments of scrapings is not always 
eiisy unless some muscle is included, for the new-formed glands may 
resemble those of endometrial hyperplasia. Attention must be paid 
to irregularity of staining, mitosas and evidence of invasion. Gener- 
ally sf)eaking the cytological rather than the histological features are 
those which count. When the pathologist is in doubt, it is generally 
not cancer. Histological grading of biopsy material is singularly 
disap^inting and of little prognostic value, as different blocks may 
show widely varying pictures. Occasionally the carcinoma may be 
epidermoid in type. In rare cases the tumor may take the form of 
adeno-acanthoma, i. e., a combination of glandular and epidermoid 
carcinoma. 

Spread.— Spread takes place through the muscular wall, with event- 
ual perforation. Fragments of tumor may be carried through the 
Fallopian tubes mid infect the ovaries, so that the ovaries must always 
be remo\'ed together with the uterus. Lymph spread to the para- 
vertebral glands and blood spread to lungs and liver occur in the later 
stages. 

Sarcoma.— Sarcoma of the uterus is an uncommon tumor. It usually occurs 
as a malignant change in a myoma, so that it may be called a myoscarcoma or 
malignant myoma. Occasionally it may arise from the normal uterine wall. 
The gross appearance is characteristic, for the whorled or striated appearance 
of the fibroid is lost, the cut surface is homogeneous and brain-like, and the 
tumor is soft and may be of a yellowish color. Cyst formation and hemorrhage 
are frequent. Microscopically the tumor is composed of large fusiform cells, 
in many of which the nuclei are remarkably large and may shoiv numerous 
mitoses. It is almost impossible to be certain if these cells are derived from 
pain muscle or from fibroblasts. 

^idometrial Sarcoma is usually circumscribed but may be diffuse. It 
originates in the fundus, and often forms a polypoid bulky mass in which 
necrosis may occur as well as cystic areas of hemorrhage. Microscopically 
it consists of a mixture of fusiform and large spherical cells. The degree of 
mitosis parallels the clinical malignancy of the tumor. Invasion of the uterine 
muscle occurs, and spreads to peritoneum, regional lymph nodes and distant 
organs. 

ESmbryonal Tumors. —These are very rare tumors containing a variety of 
tissues of mesodermal origin, of which striated muscle is the chief. The general 
structure is sarcomatous and they are usually called sarcomas or rhabdo- 
myomas. The best-defined variety is the so-called ^ape-like sarcoma of the 
cervix or vagina, which usually occurs in young children, and projects into 
the vagina in polypoid masses that may become so edematous as to resemble 
a bunch of grapes. Most of the cells are round pr fusiform, but striated 
muscle is usually present. The tumor is very malignant, and spreads both 
locally and by the blood stream. 

Chorionepithelioma.— This highly malignant tumor, which aris(*s 
from fetal and not maternal tissue, usually follows an abortion, some- 
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times is the result of a full-term pregnancy, and in rare cases has been 
found in the ovary and in the testicle. In about 30 per cent of the cases 
it is preceded by a hydatidiform mole, a benign epithelial tumor of the 
chorionic villi which will be described in connection with the pathology 
of the placenta. It is said that about 15 per cent of hydatidiform moles 
may show this malignant change, but it is impossible to get accurate 
figures, and this proportion is probably much too high. Both chorion- 
epithelioma and hydatidiform mole are often associated with an 
unusually large corpus luteum or bilateral lutein cysts. The conni^ction 
is not certain, but it is probable that they are a result rather than a 
cause of the uterine condition. The tumor may develop very soon 
after pregnancy, or there may be an interval of months or years. 
The Aschheim-Zondek test for pregnancy is markedly positive. (See 
Hydatidiform Mole.) 

The tumor commences at the placental site, usually in the fundus 
of the uterus. It forms a soft, red, highly hemorrhagic mass which 
projects into the cavity and at the same time invades the muscular 
wall. vSecondary growths may be formed in the lower part of the 
uterus and in the vaginal wall; in the latter position the progress of 
the disejise can be watched and the effect of treatment noted. Later 
the tumor appears on the outer surface of the uterus. 



Fig. 344. — Chorionepithelioma consistinK of clear Langhans' cells and dark syncytial 

masses. X 350. 

Microscopicalhf tlie chorionepithelioma is an exaggeration of the 
condition normally found in pregnancy. The fetal part of the placenta 
consists of the chorionic villi, and the essential part of the villus is the 
trophoblast, the function of which is to invade the maternal blood 
sinuses. The tn)phoblast presents two types of epithelium, an inner 
layer of clear cubical cells with large pale nuclei known as Langhans’ 
cells, and an outer layer of large dark multinucleated masses of cyto- 
plasm known as the syncytial cells. The chorionepithelioma consists 
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mainly of clear Langhans’ cells with a varying proportion of dark 
syncytial masses lying in large pools of blood. (Fig. 344.) The normal 
relationship of the two types of cell is lost, for the exuberant Langhans’ 
cells have burst through the outer syncytial layer. There is no stroma 
nor bloodvessels, as the tumor is nourished by the blood in the vessels 
it invades. 

Spread.— Spread is almost entirely by the blood stream, owing to 
the fundamental tendency of the trophoblastic cells to invade blood- 
vessels. Distant metastases in the lungs, etc., may be set up at an 
extraordinarily early date after an abortion. The secondary tumors 
are as hemorrhagic as the primary growth and show the same micro- 
scopic structure. Secondary nodules may appear in the vaginal wall. 
These are not implantations, for the tumor cells lie within vessels. 

Not all cases run the rapidly fatal course of the ordinary chorionepithelioma. 
Some cases make a complete recovery when the primary growth is removed, and 
spontaneous disappearance of the metastatic growths has even been reported 
after this operation ; this disappearance may be watched in the case of secondary 
nodules in the vagina. There is one small group of tumors (about 5 per cent) 
in which the structure is comparatively benign with a corresponding absence 
of bloodvessel invasion and formation of metastases. The growth consists of 
syncytial cells only, with no admixture of Langhans' cells. The tumor is 
therefore known as a syncytioma. 



Via, 346. —Hydatidiform mole. 


PATHOLOGT OF THE PLACENTA 

Hydatidiform Mole. —The word mole means mass. A hydatidiform 
mole is a not uncommon condition (1 in 2500 or 3000 cases) in which 
the placenta is converted into a mass of grape-like bodies resembling 
hydatid cysts. (Fig. 345.) The cysts, which may be as small as a 
pin's head or as large as a grape, represent a cystic degeneration of the 
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connective tissue of the chorionic villi, but the fundamental condition 
IS a proliferation of the epithelium of the villus, both Tjmgbnna ’ ceUg 



Fig. 346.--Hydatidiform deseneration of a chorionic villus. There is mucoid deKcn- 
eration of the connective tissue and proliferation of the epithelium covering the villus. 
X 25. 


and syncytium, so that there are 
several layers of the former and 
the syncytial cells are unduly 
prominent. It may therefore be 
regarded as an innocent epithe- 
lial tumor, of which the malig- 
nant variety is the chorionepi- 
thelioma. When the change 
occurs early the fetus and pla- 
centa disappear, being replaced 
by a mass or mole composed of 
cyst-like bodies. When the 
change takes place later there 
may be a small atrophic fetus 
and remnants of placenta. Some- 
times the change may be micro- 
scopic; these cases are much 
commoner than the fully devel- 
oped ones. (Fig. 346.) The for- 
mation of a mole leads to abortion 
and may cause severe hemor- 
rhage. We have already seen 
that at least part of the hormone 
which appears in the urine during 
pregnancy and gives the Asch- 
heim-Zondek test for that con- 
46 



Fig. 347. — Placenta at full term. Above 
are vascularized villi with syncytial cells; 
below is decidua. X 225. 
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dition is produced by the placenta. With the termination of preg- 
nancy and complete removal of the placenta the test at once becomes 
negative. If portions of the placenta are retained or if hydatidiform 
mole or chorionepithelioma develop, the hormone continues to be 
produced and the test remains positive. When an innocent mole is 
removed the test becomes negative. If it remains positive it indicates 
that chorionepithelioma has developed. As long as active chorionic 
epithelium remains in the uterus, the test remains positive. 

Retained Placenta. —After an abortion or a full-term pregnancy portions of 
placenta may be retained in the uterus. The villi may remain alive for many 
months and may appear i>erfectly normal when removed by the curette. 
The pathologist must therefore be cautious about expressing an opinion as to 
how long a time may have elapsed after the last pregnancy, especially in 
medico-legal cases. In the course of time the villi undergo hyaline degeneration. 
The stage to which pregnancy has advanced may be roughly estimated by re- 
membering that before mid-term the villi are relatively avascular and the 
Langhan’s cells are prominent, while after that time the villi become vascular 
and are covered only by syncytial cells, the Langhans^ cells disappearing. 
(Fig. 347.) 



Flo. 348. — Syphilitic placenta showing thickened and relatively avascular villi. X 175. 


Utero-placental Apoplexy.— This is a complication (possibly a cause) of 
premature separation of the nor^ially implanted placenta. There may be 
most extensive hemorrhagic infiltration of the decidua and the uterinje wall; 
(for an excellent colored plate see Williams^ book). In one case which I ex- 
amined the muscle fibers in places seemed to be floating in pools of blood. In 
this case the decidual vessels showed acute inflammatory changes which may 
have been the primary cause both of the uterine apoplexy and the separation 
of the placenta. 
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Placental Infarcts.— These are localized areas in the placenta, which may 
be red when they consist chiefly of coagulated blood, or pale yellow when the 
blood is decolorized and there is much necrosis of tissue. They constitute one 
of the commonest abnormalities of the placenta. Minute infarcts are indeed 
present in every placenta. Sometimes large wedge-shaped segments are 
involved. The accepted basis for the condition is an endarteritis of the vessels 
in the chorionic villi causing necrosis of the villi followed by coagulation of the 
blood between the villi, and matting together of the latter by fibrin. In 
many cases, however, no endarteritis can be found, so that another explanation 
must be sought. After the seventh month the Langhans^ cells disappe&r and 
the syncytium may also atrophy in patches, as a result of which fibrin becomes 
deposited on the rough surface. The layer of fibrin cuts off the villi from their 
blood supply in the maternal sinuses so that they undergo necrosis. In this 
case the process is an ischemic necrosis but not an infarction. Calcification is 
not uncommon in these necrotic areas. 

S3rpWlis. — When the fetus is syphilitic the placenta may be normal, but 
often it is thick and pale. The pallor is due to avascularity. The normal 
villi are very vascular, but in syphilis they may become markedly avascular 
owing to endarteritis, and considerably thickened. (Fig. 348.) In judging of 
avascularity it must be borne in mind that it is (3nly in the second half of preg- 
nancy that the villi are vascular, for in the earlier months they contain very 
few vessels. 

Tuberculosis.— Tuberculosis is rare. Miliary tubercles may occur, or larger 
caseous masses. 


THE FALLOPIAN TUBES 

Although the only function of the Fallopian tubes is to carry the ovum from 
the ovary to the uterus, the mucous membrane shares in the general cyclic 
changes of rnemstruation. There are two types of epithelial cells, ciliated and 
non-ciliated. In the premen.strual phase the ciliated cells become much 
lower, and the non-ciliated cells project between them, with bulbous herniation 
into the lumen of the tube. During menstruation both sets of cells become low. 
This lowness is greatly accentuated during pregnancy, when they become 
almost flat. After menstruation the cells regain their normal height in three or 
four days. 

The Fallopian tubes are peculiarly liable to inflammation. Tumors 
and other lesions are of little importance. The tubes may be infected 
from either end as well as from the blood stream. The narrow uterine 
opening, which is so easily closed by swelling of the wall, and the very 
numerous folds of mucous membrane tend to make an infection of long 
duration. Salpingitis or inflammation of the tubes is due to infection 
with the gonococcus in about 80 per cent of cases. Pyogenic cocci, 
especially streptococci, are responsible in about 15 per cent, and the 
tubercle bacillus in the remaining 5 per cent. Streptococci can be 
grown from the tubes many months or years after the primary infec- 
tion, but the gonococcus may die out in the course of a few months. 

GONORRHEA 

Before describing gonorrheal salpingitis it is convenient to make a 
brief survey of gonorrheal infection of the female genital tract. The 
primary infection is usually in the urethra, occasionally in the cer\'ical 
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mucosa. Both of these are lined by a layer of epithelium which is 
readily penetrated by the gonococcus. The cornified squamous 
epitheliiun of the vulva and vagina is seldom infected except in chil- 
dren, in which it is soft and delicate. It is evident that when smears 
are made they must not be taken from the vagina, but from the cervix 
and urethra. The infection in the urethra usually gives rise to little 
or no clinical disturbance, so that it is difficult to determine with 
accuracy the date of infection. Bartholin s glands, situated on either 
side of the posterior commissure of the vaginal entrance, may become 
infected from the urethra, with the formation of an acute abscess. 
Acute Bartholinitis is almost always gonococcal in nature. The cervix 
is involved primarily or secondarily in most cases of gonorrhea, but as 
it is a very insensitive organ there are often no symptoms. It is in 
the mucous membrane of the cervical canal that the infection becomes 
chronic, for the branching racemose glands of the eiidocervix form an 
ideal lurking place for the gonococcus, from which it may issue peri- 
odically to infect other parts of the genital tract. Laceration after 
childbirth and gonorrhea account for nearly all cases of cndoccrvicitis 
and ccTA'icitis. The endometrium of the body of the uterus is seldom 
seriously infected. When first invaded by the gonococcus there are no 
doubt suppurative lesions of the superficial layers, but these are swept 
away at the next menstrual period, and it is seldom that chronic in- 
fection of a serious nature occurs. When the gonococcus reaches the 
tubes it finds as favorable a habitat as the endocervix, and the most 
serious results of gonorrhea in the female occur in the tubes. Before 
considering gonococcal salpingitis a few words may be devoted to 
gonorrhea in children. 

Gonorrheal vulvouagnitis is practically confined to children, because in them 
the vaginal epithelium is not yet cornified and is readily penetrated by the 
gonococcus. The disease is extraordinarily contagious, and may sweep like a 
fire through a school or a children’s hospital. The infection is spread by 
towels, sponges, etc., but often it is difficult to determine the exact means of 
spread. Once the infection is established it is very resistant to treatment. 
Anyone who has had practical experience with this disease in a hospital will 
be struck by the marked discrepancy between the laboratory findings and the 
clinical evidence of the disease. When routine vaginal smears arc made in a 
hospital, Gram-negative intracellular diplococci arc not infrequently found in 
children who show no symptoms of any kind. It is possible that in many cases 
the organisms seen are not gonococci but Micrococcus catarrhalis, which is 
morphologically indistinguishable from the gonococcus and is known to be 
capable of causing vaginitis in children. The distinction can readily be made 
by culture. 

Gonorrheal Salpingitis.— Infection of the tubes may occur early in 
the disease, but there is often a considerable interval. During this 
time the gonococcus is lurking in the racemose glands of the cervix, 
from w'hich retreat it may invade the tubes at any time. The infection 
is practically always bilateral. The effect depends entirely on the 
intensity of the inflammation. In mild cases it has the character of a 
catarrh, while in more severe form it becomes purulent. There is a 
teralency for both ends of the tubes to become closed even though the 
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inflammation be mild. The outer end may be closed by the inflamed 
fimbriae becoming withdrawn into the ostium of the tube and adhering 
together, or by becoming adherent to the ovary. The inner end, 
which normally is less than 1 mm. in diameter, is easily closed by 
inflammatory swelling of the mucosa. The tube is now a closed cavity, 
and if a fluid exudate is poured out as the result of inflammation the 
tube will be distended. The distention is most marked at the distal 
end, and the tube becomes curved into a form like a retort. - When 
the exudate is more or less serous (catarrhal salpingitis) the result is 
hydrosalpinx, when it is purulent a pyosalpinx is formed. 

In hydrosalpinx the distention of the tube may be great, but the 
wall is thin and translucent, for there is no pronounced inflammatory 
thickening. The mucosa is atrophic, and the contents clear and 
watery, though rich in albumin. In pyosalpinx the wall is much 
thickened and the distended tube is filled with thick pus. The wall 
is infiltrated with inflammatory cells, polymorphonuclears in the early 
stages and lymphocytes and plasma cells later. In the tube as in the 
cervix the plasma cell is the characteristic cell of chronic inflammation. 
It is seldom that the gonococcus (!an be found in the pus except in 
recent cases, but secondary infection with Bacillus coli is rather 
frequent. If the inner end of the tube is not closed, there is no dis- 
tention and the condition is called a pus tube. In tuho-omrian abscess 
the inflamed fiinbrue adhere to the ovary, and infection of the ruptured 
(iraafian follicle is a natural result. The gonococci flourish in the 
hemorrhagic tissue of the corpus luteum, and an abscess is formed 
which distends the ovary and communicates with the pyosalpinx by 
a narrow opening. The tube and ovary together form one large retort- 
shaped bag of pus. ^ cry dense pelvic adhesions around the tubes 
and ovaries are a common result. Salpingitis isihmica nodosa is a 
peculiar condition in which nodules are formed at the inner end (isth- 
mus) of the tube. As the result of persistent inflammation areas of 
mucosa are included in the deeper layers and may become separated 
from the lumen so as to give an adenomatous appearance. The con- 
dition is nearly always gonorrheal in origin, but is occasionally found in 
tuberculous salpingitis. It causes closure of the tube. From what has 
been said it is easy to see the relation which gonorrhea bears to sterility 
and chronic invalidism in woimni. 

tuberculosis of the fallopian tubes 

Tuberculous salpingitis resembles gonorrheal salpingitis in some re- 
spects, but differs from it in others. The mode of infection is quite 
different, being nearly always hematogenous from some distant focus, 
rarely from the peritoneal cavity in abdominal tuberculosis, and 
never from the lower genital tract. It is almost always bilateral, like 
the gonorrheal form, and is accompanied by adhesions which are even 
firmer and may make removal of the tubes quite impossible. 

The tubes are thickened, and there may be tubercles on the serous 
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surface. The ostium usually remains open, in contrast to what occurs 
in gonorrheal salpingitis. Occasionally it may be closed, so that a 

tuberculovs j^yosaljnnx develops, 
which may be indistinguishable from 
the gonorrheal form. The contents 
are characteristically thick and in 
old cases may become putty-like. 
Caseation, tubercle formation, epi- 
thelioid cells, and giant cells in the 
mucosa and other la^•ers form i\ 
characteristic microscopic pictun' 
(Fig. 349.) 

Infection may spread from the 
tubes to the peritoneum. Persis- 
tently recurring tuberculous perito- 
nitis in the female sometimes clears 
up only when the tubes are removed. 

TUBAL PREGNANCY 

The ovum takes nearly a week 
to pass along the Fallopian tube 
from the ovary to the uterus, and 
it is during its passage down the 
tube that it becomes fertilized. If 
the impregnated ovum is arrested 
in the tube it may develop there 
and form a tubal pregnancy. The 
arrest is usually due to chronic 
salpingitis, as a result of which the folds of the tube are thickened 
and deep glandular pockets are formed in whic*h the ovum is entrapped. 
This explains the rarity of the condition in nulliparfe, and the fact 
that there is often a long interval of sterility between the last preg- 
nancy and the occurrence of the tubal pregnancy. The ovum is 
usually arrested in tin? outer end of the tube, the ostium becoming 
closed by the end of the second month. When development takes 
place in the inner part of the tube the ostium remains open. 

There may be slight decidual formation in the tube, but it is never 
marked. The nortnal uterine decidua offers a good deal of resistanct^ 
to invasion by the chorionic villi, and as this resistance is absent in the 
tube the villi are aV>le to penetrate deeply into its wall. The ovum 
may burrow into the muscle, becoming separated from the lumen by 
the mucosa and some of the muscular layer. It now lies in a cavity 
in the wall of the tube, a cavity bounded on both sides by muscle and 
completely separated from the lumen which may be much narrowed. 
(Fig. 3.50.) A well-marked decidua is formed in the empty uterus, and 
this is sometimes expelled as a decidual cast. The uterus becomes 
enlarged owing to muscular hypertrophy caused by hormonal stimu- 
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lation. TJterine scrapings show decidual cells but no chorionic villi, a 
dissociation only found in extra-uterine pregnancy. 



Fio. 360. — Tubal pregnancy. A large cavity in the wall of the distended tube is 
occupiod by (1) chorionic villi; (2) dark blood clot; and (3) the gestation sac, which is 
the fiescentic structure to the right with the body cavity in its lowest part. The lumen 
of the tube is seen to the left. X 7. 

The pregnancy is usually terminated before or at the end of the 
second month, although in rare cases it may go on much longer or even 
to full term. Tubal abortion is the common method of termination. 
Hemorrhage occurs into the gestation sac, destroying the embryo, 
distending the tube with blood so that it forms a hetnatosalj/inx, and 
converting the products of conception into a tubal ‘mole (mole, mass). 
The mole consists of firm blood clot in which chorionic villi are found 
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under the microscope, but no fetal parts. Blood escapes through the 
ostium if it is still open, the mole becomes detached, and may be 
extruded by the muscular contractions of the tube into the abdominal 
cavity. In very rare cases a mole formed in the isthmus of the tube 
has escaped into the uterus. At the time of the abortion there is a 
flow of blood from the uterus. This really comes from the uterus, 
not from the tube, being due to breaking down and discharge of the 
decidua. Tubal rupture occurs in about 25 per cent of cases. The wall 
of the tube is perforated by the trophoblast of the chorionic villi, 
bleeding occurs into the abdominal cavity, and the patient may die 
of internal hemorrhage. In rare cases the fetus may be slowly ex- 
truded through the ostium without severe hemorrhage. It may then 
be converted into a lithopediwiy a mummified mass in which calcium 
salts are deposited. 

TUBAL CYSTS 

Small subserous cysts about the size of a pin^s head are common and are 
readily mistaken for miliary tubercles. They are probaljly formed from the 
peritoneum as the result of mild inflammation. Cysts of the hydatids of Mor- 
gagni are also fairly common. The cyst is about the size of a pea, filled with 
clear fluid, and attached by a slender stalk to one of the fimbriae of the tube. 

TUMORS OF THE FALLOPIAN TUBES 

All tumors of the tubes are very rare, although chronic inflammation is so 
common. Carcinoma (adenocarcinoma) is the most frequent variety; it is 
often bilateral. Primary chorionepithelioma has been described. 


THE OVARIES 

Descriptive Outline. —It i.s important to realize the gross appearance of the 
ovary in health, otherwise the surgeon may (and not infrequently docs) 
remove a normal organ. Each ovary is an elongated flattened body, the 
surface of which presents bos.ses (follicles, corpora lutea) sc])arated by fissures 
and scars. The length is 2.5 to 5 cm., the width 1 ..5 to 8 cm., and the thickness 

0. 5 to 1.5 cm. The weight is 5 to 7 grains. Most of the surface is covered 
by glistening peritoneal mesothelium, but this changes to a lusterless surface 
(germinal epithelium) along the white line which marks the hilum of the ovary, 

1. e.j the site of attachment of the masovarium. The cortical zone contains 
ripening Ciraafian follicles forming cysts of varying .size, sometimes up to 
1.5 cm. in diameter. Still larger, and often mi.staken by the ignorant for a 
pathological lesion, is the corpus luteum. In some ca.ses it may occupy one- 
third of the ovary. The center is filled with fresh blood, and the wall is of a 
characteristic bright yellow color and an eciually characteristic wavy con- 
voluted outline. After the menopause the ovaries are small, hard and fibrous, 
often deeply fissured and scarred. 

The essential element of the ovary is the germinal epithelium which 
is continuous embryologically with the endometrium and the lining of 
the Fallopian tubes. At birth the germinal epithelium covers the 
surface of the organ, but during development all the Graafian follicles 
are derived from this tissue. The maturation of the follicles and the 
fate of the follicles which do not mature are considered in connection 
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with the subject of cysts of the ovary. The ovarian stroma is peculiar 
ill that it is not fibrous but entirely cellular, the cells being for the 
most part fusiform, though many of them are round. This cellularity 
must not be mistaken for evidence of inflammation or tumor formation. 

INFLAMMATION OF THE OVARIES 

Inflammation of the ovary is usually the result of infection of the 
ovary from the Fallopian tube in the course of puerperal sepsis or 
gonorrhea. It is occasionally infected from the blood stream in 
infectious fevers. 

Acute diffuse inflammation (oophoritis) is generally caused by 
puerperal sepsis. The ovary is covered by the tough fibrous tunica 
albuginea which lies under the germinal epithelium and forms a 
formidable barrier to invading microorganisms. In puerperal sepsis 
there is i>elvic peritonitis, so that the ovary may be bathed in pus 
containing virulent streptococci which overcome the barrier of the 
tunica albuginea and may cause an acute inflammation. Both ovaries 
are enlarged, congested, and contain numerous small abscesses. In 
general septicemia acute oophoritis is a rare complication due to blood 
infection. The inflammation which may accompany mumps is non- 
suppurative. 

Ovarian abscess is usually due to invasion of the ruptured Graafian 
folli(!le by the gonococcus. This may be rendered easy by fusion of 
the fimbriie of the tube with the ovary. It sometimes occurs in puer- 
peral sepsis. The wall of the abscess is at first formed by the yellow 
wall of the corpus luteum, but in time the abscess involves the entire 
ovary which becomes converted into a bag of pus. This may fuse and 
communicate with the tubal abscess so as to form a tubo-ovarian 
abscess. 

CYSTS OF THE OVARY 

Some of the cysts of the ovary are in the nature of retention cysts. 
Others are true epithelial tumors which assume a cystic form, and 
these will be considered in connection with tumors of the ovary. 

During the course of the menstrual cycle a number of follicles ap- 
proach maturity, the germinal epithelium proliferating to form several 
layers of granuhsa cells. These follicles may develop along one of two 
lines. (1) The ripe follicle at mid-term of the cycle approaches the 
surface, discharges the oa urn, and becomes converted into the corpus 
luteum, the granulosa cells proliferating and acquiring a high lipoid 
content whiidi gives the new structure its yellow or lutein color. The 
corpus luteum is an organ of internal secretion which acts on the 
endonietrium and the other developing follicles, but after menstruation 
it undergoes rapid hyaline degeneration, and becomes changed into a 
structureless white mass, the corptis albicans. If pregnancy super\'enes 
the corpus luteum does not degenerate, and continues to increase in 
size. (2) Under the influence of the lutein hormone the other maturing 
follicles undergo retrogression or atresia. It is from these atretic 
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follicles, which may be regarded as examples of arrested development 
and are still lined by granulosa cells, that the majority of retention 
cysts probably arise. The stromal cells in contact with the developing 
follicle are known as thcoa cells. During atresia they become enlargecl, 
acquire a lipoid content, and assmne an epithelioid character, being 
knowm as thecalutein cells. 

Follicular Cysts. — These very common lesions of the ovary an» 
retention cysts of atretic fcdlicles. The cysts are small, seldom more 
than 3 cm. in diameter, multiple, and sometimes are so numerous as to 
involve the entire ovary, producing some enlargement. The cyst is 
lined by epithelium which is cuboi(lal in the siiiail cysts but flattened 
in the larger ones. There is generally an associated fibrosis of the 
ovary, hence the old name of sclerotwstic disease of the ovary. Om‘ 
c\'St may grow at the expense of the others which it absorbs, and may 
reach the size of a plum or e\'en a tangerine orange, the remaining c>'sts 
disappearing. The contents are clear ami watery, and there is no trae(‘ 
of an epithelial lining in these larger cysts. In tlie ovaries of infants 
and even in the new-born there may be large numbers of small follicular 
cysts. These must be due to some abnormal hormonal stimuli (ma- 
ternal); possibly some similar mechanism may be responsible for 
follicular cysts in the adidt. 

Lutein Cysts.— These cysts may represent degeneration of the 
corpus luteum formed after ovulation, or they may be thcca-lutcw 
cysts formed from atretic follicles lined by luteinized cells. The dis- 
tinction between the two types is oftc'ii diffic*nlt. IhMnorrhag(* is 
frequent into both varieti(‘s. The hemorrhage may be severe, (*xtend 
into the interstitial tissue, and form a hematoma. This may rupture* 
into the abdominal cavity causing severe internal hemorrhage with 
symptoms simulating ruptured tubal pregnancy or some oth(T abdomi- 
nal catastrophe. The hemorrhage may j)rove fatal unless the ovary is 
at once removed. 

Endometrial Cysts (Chocolate-colored Cysts). —These are (*xampk*s 
of endometriosis, i. e., ectopic development of endometrium-like tissue. 
They are small, often multiple, and of a dark rcddish-brow'ii color 
(cho(*olate) due to the presence of old blood. They are situated on the 
surface of the ovary and may show evidcaice of previous perforation. 
The cysts represent endometrial glands into which menstrual hemor- 
rhage has occurred, ^'hc condition is probably an example of meta- 
plasia due to hormonal stimulation of a tissue which is related devel- 
loprnentally to the endometrium rather than a result of endoinetria 
implants. 

TUMORS OF THE OVARY 

Tumors of the ovary may be cystic or solid. The former are very 
much more common, and «'ire known as c;>'stad(‘Tiomas. Tlu'y are 
for the most part innocent, though th(*y may become malignant; 
the solid epithelial tuiru)rs, on the (jther hand, are practically all 
malignant. The cystadenomas may be divided into two main groups. 



TUMORS OF THE OVARY 


715 


the pseudomucinous and the serous. These differ not only in their 
contents, but also in structure and behavior. There is a rare third 
group of tumors associated as a rule with sexual endocrine dysfunction 
for which there is no very ai)propriate name, but which may be called 
the special group. 



Kkj. S.)1. — Psoudomuciiious cystadeiioma of the ovary. Tlic cysts are filled with thick 
mucinous material wliich has been coagulated by the fixative. 


Pseudomucinous Cystadenoma.— '^rhis is a common tumor, usually 
unilateral, and may reach very large dimensions. It is always multi- 
locular, owing to the formation of daughter cysts from projecting buds 
of the lining ej)itlielium. The daughter (‘ysts vary greatly in size, 
a few nia.N' grow to a large size at the expense of the others, the inter- 





PiCt. S.'j2. -Psoiidonuicinous cystadenoma of the ovary. The palisade cells are filled 
with pseudoniiiciii and the nuclei are displaced to the base. X 500. 

veiling walls becoming broken down. The contents arc very thick, 
mucoid, and stringy. (l'"ig- '*^51.) Though resembling mucin the 
material does not give the characteristic mucin reaction with acetic 
acid and is therefore known as pseudomucin. The fluid may be 
turbid and tinged with blood, or it ma\ be shimmering with crystals 
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of cholesterol. The cyst develops a well-marked pedicle, and this may 
become twisted, producing intense congestion of the wall, hemorrhage 
into the cavities, and a clinical picture of acute strangulation. 

The microscopic picture is characteristic. The cysts are lined by a 
layer of very tall columnar epithelial cells with extremely clear cyto- 
plasm (due to the mucinous content) and nuclei situated at the base 
of the cells. (Fig. 352.) There may be small papillary projections 
from the wall of the cyst, but these are seldom pronounced. In the 
exceptional cases where there is marked papillary formation there is 
danger of malignancy; such cases are often bilateral. (Fig. 353.) 



Fig. 353. — Pseudomucinous cystadenoma with papillary formation. X 60. 


There is the tendency to spontaneous perforation, but the pseudo- 
mucin seems to do little harm in the peritoneal ca\ ity. In exceptional 
cases the tumor cells may become implanted on the peritoneum and 
produce large jelly-like masses, a condition known as pseudomyxoma 
peritonei. The prognosis is then bad, for the irritation of the new 
material sets up a chronic peritonitis, and repeated removal may fail to 
cure the patient. 

Serous Cystadenoma.— This form, which constitutes about one- 
third of the cystic tumors of the ovary, may show different degrees of 
development. Thus there is the simple serous cyst which it may be 
difficult to distinguish from a large follicular cyst, the multiloculatcd 
serous cyst without papillary processes, and the multiloculatcd papil- 
lary serous cyst. The cystadenoma, which is frequently bilateral, 
resembles externally the pseudomucinous form, but it seldom has a 





TUMORS OF THE OVARY 


717 


well-developed pedicle. The contents of the cysts are clear and watery; 
they contain no pseudomucin, but are highly albuminous. Micro- 
scopically the cysts are lined by an epithelium which is low compared 
with that of the pseudomucinous variety, nor are the cells filled with 
pseudomucin. They are said usually to be ciliated, but that has not 
been my own experience. 

The most characteristic feature of these tumors is the presence of 
papillary processes, although these are not always present, so that the 
name papillary cystadenoma cannot be applied to the whole group. 
The presence of papillomata indicates a greater proliferative activity 
on the part of the epithelium, and the papillomata may appear on the 
outer as well as the inner surface, owing to invasion of the wall by the 
tumor cells. (Fig. 354.) This i>enetration does not prove that the 
condition has become malignant, but it is always suggestive. The 



Fio. 354.- Serous cystsidenoma of the ovary. The contents appear unusually thick, 
the albumin having been coagulated by the fixative. Papillary processes are present on 
the inner and outer surfaces. 


papillary cystadenomas have a marked tendency toward malignant 
change, which is indicated by the soft character of the papillomata 
and the irregular arrangement of the epithelium. More or less of the 
original cyst structure may remain, with the malignant tissue repre- 
sented by firm knobby areas, or the tiraor, if highly cellular, may be 
soft and friable. In other cases the original cyst has been almost en- 
tirely replaced by tumor, so that the mode of origin may be more than 
doubtful. The malignant change may only be recognized micro- 
scopically. The percentage of these tumors which become malignant 
varies in different statistics from 20 to 65. The mere fact that carci- 
noma is found in such a tumor does not mean that the prognosis is 
necessarily bad, for the malignancy is not high, the growth is often 
circumscribed, and removal may be followed by complete cure. 
Secondary papillomata may be scattered over the peritoneum pro- 
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ducing an ascites which recurs repeatedly after tapping. The micro- 
scopic picture does not always correspond with the clinical course. 
There may be no microscopic evidence of malignancy, and yet the 
peritoneum may be covered with papillomata. On the other hand, 
cases of undoubted malignancy may run a very slow course and live 
as long as ten years. Calcification may sometimes occur; in one of my 
cases this involved a large area; it may even affect the glandular 
metastases. 

The origin of the serous cystadenoma is undoubtedly the germinal 
epithelium either on the surface or in the form of down-growths into 
the ovary. The ciliated nature of the epithelium shows its relation 
to the epithelium of the rest of the genital tract. The origin of the 
pseudomucinous form is not so obvious, for the type of epithelium of 
which it is composed does not occur in the normal ovary. Those who 
have studied the matter most closely believe that the lesion represents 
a one-sided development of a teratoma in which tlie tall, columnar, 
intestinal t\'pc of epithelium has replaced the other elements of the 
growth. 



Fio. 355. — Papillary carcinoma of ovary. X 100, 


Carcinoma, —f^arcinoma originating in the ovary is uncommon in 
comparison with metastatic carcinoma. The tumor is usually bilateral, 
one ovary b(?ing infected from the oth(‘r. The tumor is of moderate 
size, and is usually soft and friable, though it may be firm if the stroma 
is abundant. The great majority of cancers of the ovary are malignant 
papillary cystadenomas, although the papillie may coalesce so as to 
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give a solid appearance. (Fig. 355.) Thus a solid carcinoma may be 
a papillary cystadenoina which has become solid or it may be solid 
from the start. The latter may be of adenocarcinomatous or medullary 
type. The medullary form is usually composed of solid masses of 
carcinoma colls separated by a varying amount of stroma, but some- 
times the cellular arrangement is diffuse and the structure highly 
anaplastic. Such tumors are easily mistaken for sarcoma, and their 
carcinomatous character is often not recognized. 

Metastases are scattered over the surface of the peritoneunT, and 
are responsible for the hemorrhagic ascites which is characteristic of 
the condition, and in a w^oman 
should always suggest the possibility 
of cancer of the ovary. There may 
be metastases in the uterus owing to 
infection by way of the Fallopian 
tube. In such cases it may be diffi- 
cult or impossible to be certain if the 
cancer started in the endometrium 
or the ovary, for both are derived 
from a common type of epithelium. 

Secondary Carcinoma.— These grow - 
ths, w hich are nearly alw ays bilateral, 
are of fairly f requent occurrence. The 
common primary sites a re the stomach, 
large bow el, and uterus. The so-called 
Kntkenberg tmnor is characterized 
by large, round, vesicular cells with 
the nucleus pressed to one side by 
mucoid material so as to present a 
signet-ring appearance (Fig. 356), and 
separated by connective tissue show- 
ing mucoid degeneration. As a rule 
the primary tumor in the stomach 
or large bowel is a imu*oid carcinouia, 
but this is not ahvays the case. Apparently cancer cells growing in 
the ovary may acquire an ability to produce mucin which they do not 
possess in the primary lesic^n. The route of infection probably varies. 
In some cases it is no doubt due to implantation of cancer cells on 
the surface of the ovary. On the other hand the tumors are usually 
in the interior rather than on the surface of the ovaries. Retrograde 
h niph spread to the lumbar nodes and thence to the ovaries is a 
reasonable explanation in most cases. Blood spread is an occasional 
possibility. 

SPECIAL OVARIAN TUMORS 

Of recent years a group of solid ovarian tumors have been described, some 
uncommon, others very rare, but all characterized by a probable common origin 
from embryonic remnants (cell rests) and in some instances marked by sex 
hormone disturbances. Three of these (granulosa-cell tumor, arrhenoblastoma 



Fig. 350. — Kriikenberg tumor show- 
ing signet-ring eells. X 275. 
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and dysgerminoma) have a common origin from the primitive mesenchyme of 
the ovary; the fourth (Brenner tumor) is unrelated. 

In the developing ovary the granulosa layer of the follicles is formed by 
differentiation of the mesenchymal core of the gonad, not from the surface 
epithelium as used to be thought. The primitive granulosa cells are therefore 
connective tissue in type; only later do they develop an epithelial form. It 
follows that unripe tumors arising from these cells resemble connective tissue, 
whilst ripe tumors resemble epithelium; sometimes there may be a mixture of 
types. 

The primitive gonad is neither ovary nor testicle, but may develop into 
either, the direction of development perhaps depending on the sex of the germ 
cells which invade the gonad from the primordial gut. Three errors of devel- 
opment are possible. (1) Embryonic rests of undifferentiated mesenchyme 
may ren\ain and develop years later into a granulosa-ccll tumor. Such a tumor 
will produce the female hormone with corresponding structural and functional 
disturbances. (2) In the primitive gonad male cells may be formed as a 
result of faulty development; these may remain as rests, and give rise in later 
life to an arrhenohlastoma^ so-called because it produces a male hormone 
{arrhen^ male) with corresponding functional disturbance. (3) Cells may be 
formed which do not develop along either a male or female line, and may be 
regarded as neuter. Years later these may give rise to tumors which naturally 
lack the power of producing hormones. In the ovarj'^ such a tumor is a dysger- 
minoma; in the testicle it is known as a seminoma. The Brenner tumor does not 
arise from the primitive mesenchyme of the ovary. Its origin is uncertain. 

Much of the recent interest which has been aroused by these rare tumors is 
due to a series of papers by Robert Meyer. A summary of this work will be 
found in Novak’s monograph. 

Granulosa-cell Tumor. —This tumor is also called granulosa-ccll carcinoma, 
but in less than 30 per cent of cases has evidence of malignancy developed. 
The size varies greatly from 1 or 2 cm. in diameter to a mass the size of an 
infant’s head. Usually unilateral, the outline is sharply defbied, the outer 
surface smooth, and the cut surface has a characteristic yellow^ tinge but is 
sometimes gray. It may present cysts of varying size, although the smaller 
tumors as a rule are solid. 

The microscopic appearance is confusingly varied, and as different parts of 
the tumor may differ in .structure, it is important to cut a number of blocks. 
Three main types may be distingui.shed : the follicular, diffuse, and cylindrical. 
In the follicular type, w’hich is perhaps the most common, the granulosa cells 
are arranged in little clusters or rosettes around a central lumen. (Fig. 357, A.) 
To be distinguished from this lumen are the so-called Coll-Exner bodies, which 
are spaces in larger masses of granulosa cells produced by liquefaction. These 
spaces may contain bodies resembling and formerly mistaken for ova, but in 
reality they are .secretion or degeneration products. In the diffuse type the 
granulosa cells are arranged diffusely rather than in rosettes. In the cylindroid 
or cylindromatous form mas.ses of epithelial cells are separated by invasion and 
overgrow’th of connective-tissue elements so that the appearance is one of 
anastomosing cylinders. Luteinization may occur, i. e., an accumulation of 
lipoid in the tumor cells. This is readily demonstrated by fat stains. The 
more marked is this process, the more striking is the yellow color of the tumor. 
When the process is widespread the tumor is spoken of as a luteoma. 

The malignancy is variable. Most cases pursue a benign course, the tumor 
often being found incidentally. In other cases there may be peritoneal recur- 
rence a few months after removal of the tumor. The microscopic picture is 
of no value in determining the degree of malignancy. 

Occasional tumors of this scries pre.sent a connective-tissue appearance and 
are knowm as theca-cAl tumor. The tiimor, which is hard and fibrous, consists 
of interlacing bands of spindle cells rich in doubly refractive lipoid and therefore 
giving the tumor a yellow color. 
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The genesis of these tumors is usually considered to be granulosa-cell rests 
which have not been used in the process of follicle formation. When one con- 
siders the intimate relationship which exists between the granulosa-cell and 



Fig. 357. — Speoial ovarian tumors: A, granulosa-cell tumor. X 240; arrhenoblas- 
toma. X 240; C\ dysgcrminoma. X 510; D, Brenner tumor. X 200. 


theca-cell tumors, it seems more probable that their origin may be traced to 
primitive mesenchyme which antedates the differentiation of granulosa and 
theca cells. 

46 
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The clinical effects of what has been called the feminizing tumor depend on 
the period of life at which the tumor develops. The granulosa cells produce 
estrogenic hormone, so that there will be abnormal menstrual bleeding before 
puberty or after the menopause, but during the reproductive years the only 
effect is likely to be increase in the flow. In the child there will be precocious 
puberty, i. e., early menstruation, development of the breasts and external 
genitalia, and hypertrophy of the uterus. In the adult endometrial hyper- 
plasia may be a marked feature. Carcinoma of the endometrium has developed 
in a number of cases, a point of interest in connection witli the relation of sex 
hormones to carcinogenesis, llemoval of the tumor in the prepuberty and 
postmenopausal cases is followed b 3 ' disappearance of the abnormal clinical 
features. 

Arrhenoblastoma.- This masculinizing tumor is the rarest member of the 
special ovarian tumors. It arises from the cells of the primitive ovarian 

mesenchyme which have a male tendency, 
and it is often found in the region of the 
rote ovarii, which is the hornologue of the 
male testis. The gross appearance is similar 
to that of the granulosa-cell tumor. The 
microscopic picture vai’ies even more widely 
than that of the latter tumor. In some 
cases, but these are the exception, there 
is perfect reproduction of the seminiferous 
tubules of the testis, a condition described 
long ago by hiidwig Pick as testicular 
adenoma of the ovary. (Fig. .‘ioT, B.) 
More usual is a very im])erfect attempt at 
tubule formation, the c(‘lls being arranged 
for the mo^t part in irregular columns. 
The nuclei often show a stof)-ladder arrange- 
ment which may suggest to the obsta-ver 
the true nature of the tumor. (Fig. IhlS.) 
At the far end of the scale the cells are 
completely unditTcrentiated, giving a picture 
of sarcoma. In such cases the* pathologist 
is de|X*ndent on the characteristic clinical 
history. In spite of the sarcomatous af)- 
pcaraiic(* the tinnor is either benign or of 
low malignancy. 

Fio. 358 — Arrhenobia.stoma .‘<how- The c/i//?cn/cjjfcc^»s' are at first defcminizing, 
iiiK step-ladder arrangerneni of <*eU3. later masculinizing. Amenorrhea and ex- 
X 220. treme atroph^^ of th(» breasts are the (jarly 

signs. These are followed later bv hirsutism 
with masculine distribution t)f hair, roughening and deepening of the voice, 
and hyiKjrtrophy of the clitoris. The picture is similar to that of tumor of the 
adrenal cortex, a structure with which the ovar^'’ is closely related develop- 
mentally. . . 

Dysgertninoma.— This tumor, the name of which is also spelt disgerminoma, 
arises from indifferent cells of the mesenchyme in the gonad which fail to 
develop in either a male or female direction. It may occur in the ovary or 
testis. In the ovar^’ it is often bilateral, may grow to a considerable size, 
and shows a characteri.stic yellow staining of the cut surface due t(' lipoid 
degencjration. 

MicroHcojyicdllg the tumor is sample in structure, and does not show the 
marked variation characteristic of the granulosa-cell tumor and arrheno- 
blastorna. The cells are large and round with vesicular nuclei (Fig. 357, C), 
but they shrink to a marked degree when embedded in paraffim and are best 
Been in frozen or celloidin sections. They are grouped in solid alveoli or in 
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columns, separated by septa of fibrous tissue in which there may be large 
numbers of lymphocytes. ® 

These ^mors vary greatly in malignancy, nor does the microscopic picture 
help much in the prognosis, although the presence of numerous mitoses is of 
course a bad sign. The tumor is less malignant than the granulosa-cell tumor 
but more malignant than the arrhenoblastoma. In about 25 per cent of 
cases there are extrapelvic metastases. 

The clinical effects are in striking contrast to those of granulosa-cell tumors 
and arrhenoblastoma, as might he expected from the fact that the tumor 
originates from indifferent sex cells. It usually arises in children and adoles- 
cents, but may occur in adults. As a rule the patient is normal sexually, but 
in a number of cases there has been pseudohermaphroditism, sexual hyjwplasia 
or infantilism. This disturbance of development does not appear to be de- 
pendent on the presence of the tumor, becausti after surgical removal there has 
I)een no change in the clinical condition. 

Brenner Tumor. — The lesion, described liy Tlrenner in 1907 but clarified by 
Robert Meyer in 1932, differs sharply from the group of three “special” ovarian 
tumors already discussed. In the j^oss the tumor may take two forms, solid 
or cystic. The solid form, which is the usual type, tends to be small and 
resembles a fibroma, for which it is readily mistaken. When large, for reasons 
which soon will be apparent, it may take tiie form of pseudomucinous cyst- 
adenoma \yith nodular masses of tumor persisting in the wall. There are wide 
variations in size; it may be minute or it may be enormous. 

The microscopic picture has none of the extreme variability so characteristic 
of granulosa-cell tumor and arrhenoblastoma. There arc two essential ele- 
ments: (1) nests of epithelial cells, and (2) fibromatous connective tissue 
separating these ne.sts. (Fig. 357, D.) The epithelial cells are for the most part 
strikingly uniform in type, and recall the appearance of a carcinoid tumor of 
the appendix or bowel. There are no mitoses, nor any suggestion of malig- 
nancy. Cystic degeneration in the center of the nests is common, giving rise 
to an appearance which may be mistaken for follicles. One striking variation 
from the usual picture may occur, the cells becoming columnar and clear, 
secreting mucus, and lining spaces, a picture siniilar to that of a pseudo- 
mucinous cystadenorna. When this condition is widesf)read, the gross appear- 
ance may be identical with the ordinary cystadenorna, and the essential 
character of the original tumor may be overlooked. The connective-tissue 
ehunents vary, but may be so abundant that the lesion is mistaken for a 
fibroma. 

The origin of the tumor is still a matter of dispute. The conunonly accepted 
view is that of Meyer, who believes that the starting point is the so-called 
Walthard inclusions. These arc minute circumscribed nests of cells which are 
found in the new-born and young child. Occasionally these take the form of 
gland-like spaces lined by columnar epithelium which may secrete mucus. 
Other suggestions are a dislocation of cells from the primitive urogenital tract, 
and one-sided dcveloimient of a teratoma, the latter based on the frequent 
associatif)n with pseudomucinous cystadenorna. 

The tumor is rare, but many cases must be overlooked. It is benign, of 
slow growth, and the majority are detected over the age of fifty. There is no 
endocrine disturbance. 

Dermoid Cyst.— This is a teratoma, and is one of the common 
tumors of the ovary. In about 10 per cent of cases it is bilateral. 
It is of slow growth, and is almost invariably innocent, but in rare 
cases one of the elements of which it is composed may undergo malig- 
nant change. Its appearance is very characteristic, for it is of a yellow 
color and of a doughy consistence wdien removed from the body, 
although at body temperature the contents are fluid. T. he contents 
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consist of a yellow, greasy, buttery material containing a considerable 
amount of hair. The wall, which is lined by cubical epithelium, gives 
rise at one place to a nipple-shaped process covercil by stratified 
epithelium and known as the dermoid process. This is the real tumor, 
for the other solid elements are derived from it. The commonest of 
these are skin and hair (hence the name dermoid), but bone, teeth, 
cartilage, brain, intestine, striated muscle, thyroid, adrenal, etc., may 
occur. In exceptional cases the thyroid tissue may proliferate to such a 
degree that the tumor consists almost entirely of this tissue. Such a 
condition is known as struma ovarii. It w ill be seen that the tumor 


contains constituents derived from all three germinal layers, and is 
therefore a true teratoma. The oily material which distends the cyst 
is produced by the numerous sebaceous glands with which the skin of 
the dermoid process is studded. (Fig. 359.) A dermoid begins as a 
solid tumor, and the cyst formation is secondary. 



Fig. 359 . — Dermoid cyst showing; strat- 
ified epithelium and sebaceous ^i^nds. 
y GO. 


The dermoid cyst and the solid 
oyarian teratoma are commonly 
supposed to arise from one of the 
original blastomeres formed by the 
primary segmentation of the ovum, 
which has become separated and 
included in the ovary. It appears 
equally or even more probable that 
the tumor arises from one of the 
sex cells (ova) of the ovary. 

Solid Ovarian Teratomas. — Solid 
ovarian toratoinas are very raretiiinors. 
Tiny contain no fullj'' formed struc- 
tures .such as skin and bone, but a 
variety of tissues usually in a rudi- 
mentary state, although well formed 
thyn)id and other structures are some- 
times present. They form soft solid 
masses which are higlily malignant. 

Fibroma.- Fibroma of the ovary is 
rare. Many of the lesions which used 
to be regarded as fibroma are now 
known to be examples of l^rcrmer’s 
tumor. It is a small, hard, white 
circumscribed tumor, and may arise 
in some cases from a corpus albicans. 

Sarcoma. — Sarcoma is very rare. 


Most of the tumors taken for sarcoma are x)robably anaplastic carcinomas. 


True sarcorna.s may occur as bilateral tumors in children, and present the 
usual soft homogeneous appearance. They arc composed of round undiffer- 
entiated cells. 


Meigs’ Syndrome,— This term denotes a strange association of ascites, 
hydrothorax (usually right-sided), and a tumor of the ova.ry; usually but by 
no means invariably fibroma. Ascites is said to develop in association with 
40 to 70 per cent of ovarian fibromas. Many theories have been suggested 
to explain the ascites and the less common hydrothorax. Rubin and his 
associates, recalling an old observation of Geibers that an ovarian fibroma 
weighing 3200 grains lost 1150 grams of water in twenty-four hours, adduce 
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evidence in supp)ort of the view that the fluid comes from the numerous and 
large lymphatics at the hilum of the ovary. As ovarian tumors are covered 
by a single layer of low highly permeable epithelium, the fluid may readily 
escape. Transfer from the abdominal to the pleural cavity may be through the 
channels which connect the lymphatic networks on both sides of the diaphragm. 

Hypemephroid Tumors. — One of the rarest of ovarian tumors is yellow in 
color and presents a picture of carcinoma composed of clear cells like those of 
hypernephroma. They are therefore called hypernephroid tumors, and are 
supposed to arise from mesonephric structures within the ovary (Saphir and 
Lackner). 

PAROVARIAN CYSTS 

The parovarium, which represents a remnant of the sexual part of 
the Wolffian body, is situated in the mesosalpinx betw^eeii the ovary 
and the Fallopian tube. It consists of a horizontal tube, the duct of 
Gartner, homologous with the vas deferens, and a series of vertical 
tubes homologous to the vasa efferentia and epididymis. A parovarian 
cyst is situated between the layers of the broad ligament and may 
attain a great size. The wall is thick and lined by low, columnar, 
ciliated epithelium. Sometimes it shows warty papillary processes, 
but usually it is quite smooth. As the cyst occupies the broad liga- 
ment it may be mistaken for a serous cystadenoma of the ovary grow- 
ing in that position. The intact ovary is attached to the side of the 
cyst, and the tube is stretched over the cyst and is greatly elongated, 
'^riic condition is always innocent. 

The so-called hydatid of ^lorgagni is a minute pedunculated cyst 
attached to the fimbriated end of the Fallopian tube. It is present 
in some 8 per cent of adults and is of no clinical importance. It 
appears to arise from the outer part of the epoophoron (parovarium). 


THE VAGINA AND VULVA 

Soft Chancre. Soft sore is an acute inflammatory venereal lesion which 
takes the form of multiple small ulcers over the external genitalia. They are 
shallow' and have none of the induration so characteristic of syphilitic lesions. 
There is a marked tendency to the formation of suppurating buboes in the 
groin. 

Syphilis.— A syphilitic lesion of the vulva may be primary or secondary. 
The primary lesion presents the usual appearance of a hard chancre, except 
that not infrequently there are lesions on both labia minora due to contact 
infection. The secondary lesions are mucous patches and condylomata. 

Condyloma Acuminata. — This is a warty^ or papillary lesion, called “acumin- 
ata’’ because of its i>ointed form compared with the broad condylomata of 
syphilis. These w^arts, w^hich cover the labia, are venereal in origin, being 
almost always due to gonorrhea. Microscopically there is hypertrophy of the 
connective-tissue papilla? of the skin, w'hich gi’ow outward, producing a w’arty 
appearance. The epithelium covering these processes is also thickened. 

Trichomonas Vaginalis Inf ection. — Vaginal infection with Trichomonas vag- 
inalis is being reported with increasing frequency. It is especially common 
in pregnant w'onien, but is not confined to that state. The parasite is a pear- 
shaped flagellate measuring 7 to 30 microns in length, seen with^ great ease 
and vividness in the dark field. For this purpose the discharge is collected 
in a capillary pipette, w'hich is placed in a test-tube and sent at once to the 
laboratory. The patient may have an acute inflammation of the vagina, 
with a profuse seropurulent discharge which is often foamy or bubbling, and 
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contains large numbers of bacteria and flagellates. There is still difference 
of opinion regarding the pathogenicity of the parasite. 

Leukoplakia and Kraurosis. -Leukoplakia of the vulva may occur in the 
later years of life and is usually associated with intense pruritus. There is 
marked thickening of the epidermis, this thickening including both the stratum 
corneum and stratum Malpighi. The great clinical importance of the con- 
dition is that it is often precancerous, and may develop into epidermoid 
carcinoma. Kraurosis vulvx (krauros^ dry) is a closely related condition 
characterized by inarked shrinkage of the external genitalia which become 
dead white and wrinkled like parchment. The stratum corneum is thick, but 
the stratum Malpighi is very thin and atrophic, the papillae disappear, and 
the epidermis takes the form of a narrow straight band. Chronic inflamma- 
tory cells are present in the underlying tissue. The lesion is often associated 
with leukoplakia, and may be regarded as a variety of that condition. Occa- 
sionally it is precancerous. 

Tumors. — Carcinoma of the vulva is not uncommon. It is nearly always 
preceded by some precancerous condition such as leukoplakia, kraurosis, 
gonorrheal warts, or other evidence of chronic inflammation. It is epidermoid 
in type, and eai’ly metastases occur in the inguinal lymph nodes. Carcinoma 
of the vagina is less common; it presents tlie same characteristics. Mixed 
tumor of the vagina^ so-called sarcoma of the vagina, is the same tumor as the 
“grape-like sarcoma” of the cervix. It is a malignant tumor of children, and 
is composed of mucoid tissue, plain and striated muscle, etc. Owing to mucoid 
degeneration many cyst-like structures may be formed. 

Urethral Caruncle. — This not uncommon condition takes the form of a small, 
bright red, exquisitely tender, polypoidal mass which arises from the opeiung 
of the urethra and projects into the vestibule. Its structure varies, but it may 
be regarded as a capillary angioma, consisting of telangiectatic or highly vas- 
cular connective tissue infiltrated with round cells and covered by squamous 
epithelium. 

CONGENITAL ANOMALIES OF THE FEMALE GENITAL TRACT 

A great variety of defects may occur in the course of the development of 
the female genital tract. Only the more common ones can be referred to here. 
For further details orks on gynecology must be consulted. 

Uterus. The uterus and vagina are formed by fusion of the lower part of 
the Miillcrian ducts, the upper parts remaining separate to become Fallopian 
tubes. This/wsiVm may be incomplete, so that there may be a double uterus 
and vagina, a single vagina and double uterus, or the uterus may only be 
divided in its upper part so that it seems to have two horns {uterus bicornis). 
Splitting of the upper part of the Miillerian ducts gives rise to two Fallopian 
tubes on each side. Hypoplasia (persistence after birth of the infantile type 
of uterus) is part of a general infantilism, .such as f)ccurs from thyroid or 
I)ituitary deficiency. Absence of the uterus is very rare. Atresia or closure of 
the os leads to an accumulation of menstrual blood in the uterus. If one of 
the Mullerian ducts docs not develop, there will be absence of one of the tubes 
and the uterus is asymmetrical. Persistence of portions of the Wolffian ducts 
in the wall of the vagina may lead to the formation of cysts and tumors. 

Ovaries.— Hypoplasia of the ovarie.s is associated with general hypo{)lasia 
of the genital system. The ovary may be displaced, e. g., in a patent canal of 
Xuck. Displacement of the germinal epithelium may occur, and it is possible 
that the common cystadenomas of the ovary may arise from such displaced 
portions. 
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THE BREAST 

Pathological Physiology of the Breast. — The previous chapter was opened 
with a discussion of menstruation, because without some understanding of 
that function and of the structural changes which occur in the uterus as the 
result of ovarian stimulation much of the pathology of the uterus must be 
incomprehensible. The same is true of the breast. For this is not a static 
organ, but one undergoing constant periodic change as tlie result of control 
from the ovaries, and if this control becomes abnormal or irregular the cliange 
will cross the border-line between the physiological and the pathological. It 
is a tniism that pathology is merely disordered physiology, but in no field 
is it so important to realize this truth as in the pathology of the breast. 

In the newly-born, b(^th male and female, there may be mammary swelling 
and secretion due to the presence in the blood of the female sex hormone which 
can also be demonstrated in the urine. This soon passes off, and the breast 
remains dormant until pubertj', when marked activity becomes apparent in 
girls owing to stimuli from the ovaries. Up to the time of puberty the paren- 
chymatous tissue of the breast consists only of ducts. At puberty under the 
influence of o^mlation and the formation of the corpus lutcum active budding 
of the ducts occurs, and from these buds the acini are formed. The influence 
of the ovary is indicated by the following facts. (1) The breasts do not devel()[) 
if the ovaries are infantile or absent. Reimplantation of the ovaries in 
the castrated animal at once stimulates mammary growth. (3; Injection of 
corpus luteum extract will produce breast hypertrophy in an animal. 

It is during pregnancy and lactation that the changes are most marked. 
The breast of a pregnant woman differs completely from that of a virgin ^J)eing 
composed of a mass of glandular tissue which entirely replaces the fat. The 
changes characteristic of pregnancy consist of two phases, the proliferative and 
tiie secretory. The phase of proliferation is due to the action of the corpus 
luteum of pregnancy and the placenta, and is characterized by rapid prolifera- 
tion of epithelial buds from the ducts with formation of new acini, marked 
increase of the connective-tis.sue mantle of the lobules (see below), and infil- 
tcaiioa of this tissue with round cells. When the placental stimulus is with- 
drawn as the result of delivery or abortion, proliferation ceases and the stage 
of secretion (lactation) begins. Placental activity is evidently antagonistic to 
the secretory function of the breast, for lactation ceases when a new pregnancy 
develops; possibly this is related to the development of a new corpus luteum. 
XT the end of lactation there is a fresh invasion of lymphocytes. These must 
not be regarded as an evidence of inflammation, for their function is apparently 
the removal of cell debris and secretion. After lactation comes involution. 
The glandular overgrowth disappears to a great extent, but the breast does not 
return to its original state, for some epithelial and fibrous hypertrophy 
(laetation hypertrophy) always remains, and this incomplete involution may 
have an important pathological bearing in the shape of cystic dilatation of the 

At the menopause the breast undergoes marked atrophy with disappearance 
of the glandular tissue. This atrophy is not continuous, but is often inter- 
rupted by irregular proliferation which in turn is dependent on the irregular 
cessation of ovulation as indicated by menstrual disturbance. Here again 
there may be cyst formation as the result of incomplete involution, 

( 728 ) 
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The normal virgin breast in the intermenstrual period (from the fifth to the 
fifteenth day) consists of a small number of ducts with Sissociated rudimentary 
acini, duct and acini being surrounded by a specialized loose connective tissue 
quite distinct from the general stroma of the gland. This specialized tissue is 
called the pericanalicular and periacinar connective tissue, but may for con- 
venience be spoken of as the periductal tissue. The combined glandular and 
connective tissue form a series of islands known as lobules or gland fields. 
(Fig. 360.) The periductal tissue must not be dissociated from the epithelial 
structures, for it shares with them the normal response to ovarian stimulation, 
and also plays an important part in pathological changes. 



Fig. 360.— Gland fields of the breast. Six units are shown, each consisting of a group 
of ducts surrounded by specialized pale connective tissue. Changes in these units are 
the basis of cystic Iiypcrplasia and fibroadenoma. X 75. 


It is probable that the breast undergoes changes analogous to those seen 
in the endometrium, although it is much more difficult to be certain of this 
than in the case of the uterus (Rosenburg). The epithelium of the ducts 
undergoes hyperplasia together with myxomatous change in the periductal 
tissue of the lobules and infiltration with lymphocytes, a condition which may 
be mistaken for so-called chronic mastitis. When the ovarian stimulus is 
withdrawn hyperplasia gives place to involution. The microscopic appearance 
so often seen in surgical material as the result of exuberance of these physio- 
logical processes is what Cheatle calls mazoplasia. The wide morphological 
variations which may occur are beautifully illustrated in Ingleby^s paper. 

The normal cycle may be interfered with. This interference usually takes 
the form of ovarian overactivity, and the result may be regarded as undue 
hyperplasia or delayed involution, which are merely two ways of looking at 
the same thing. Disturbances are most likely to occur at two periods of the 
reproductive life of the woman: (1) during the years of developing sexual 
activity, and (2) in the years preceding the menopause when ovarian function 
is becoming irregular. The stimulation of growth or the interference with 
involution may be local or general and may chiefly affect either the epithelium 
or the connective tissue of the gland fields, although both are usually involved 
to some degree. (1) Localized hyperplasia of the fields due to undue 
ovarian stimulation results in the painful nodules^ which m^ develop in the 
breasts of young women at the menstrual period. (2) Dinuse epithelial 
hyperplasia and lack of involution is seen in the preclimactenc years 
ticularly in breasts that have undergone repeated lactation, and is usually 
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associated with cyst formation. This is the condition commonly known as 
chronic mastitis, but which would be better named lobular hyperplasia or 
cystic hyperplasia. (3) Localized epithelial hyperplasia which occurs in a 
distended duct results in the formation of a duct 'papilloma, (4) Localized 
hyperplasia most marked in the connective tissue of the gland fields will give 
rise to fibroadenoma which may be encapsulated or non-encapsulated. The 
ducts may be invaginated by the proliferating fibrous tissue, giving rise to the 
intracanalicular form of fibroadenoma. It is natural that these changes 
should not infrequently be combined in the same breast. (Fig. 361.) 



Fig. 361. — Section of breast showiriR a combination of cystic hyperplasia and fibro- 
adenoma. X 40. 

LOBULAR HYPERPLASIA (CHRONIC MASTITIS) 

Lobular hyperplasia of the breast is the analogue of endometrial 
hyperplasia in the uterus. Both are manifestations of aberrant physi- 
ology in an organ which is the scene of constant epithelial unrest, 
and are therefore extremely common. In the breast the condition is 
commonly known as chronic mastitis, and is the commonest of all 
mammary lesions. Its names are legion and indicate the uncertainty 
which has existed as to its nature; among the commoner are chronic 
mastitis, chronic cystic mastitis, chronic interstitial mastitis, diffuse 
fibroadenoma, cystadenoina papilliferum, involution cysts, abnormal 
involution, cystic disease of the breast, Schimmelbusch’s disease. To 
the writer it appears that the best name is lobular hyperplasia, sug- 
gested by R. P. Snciith. This takes cognizance of the lobules or gland 
fields which constitute the basic unit of breast architecture. Smith’s 
paper consists of only three paragraphs, the last of which may be 
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quoted in full. “The new terminology proposed is, therefore: lobular 
hyperplasia — localized or generalized, cystic or non-cystic. Such a 
classification embraces the majority of the older names. For example, 
generalized non-cystic lobular hyperplasia corresponds to mazoplazia 
(Cheatle), the mastopathia of \^iteliouse, and the painful nodular 
breasts of young women, so well known clinically; localized cystic 
lobular hyperplasia to the solitary blue-domed cyst of Bloodgood; 
generalized cystic lobular hyperplasia to cystic hyperplasia, involution 
cysts, abnormal involution cystic disease, and Schimmelbusch’s disease, 
where multiple (!ysts are scattered throughout the breasts. As the sole 
cause for regarding the condition inflammatory is the presence of col- 
lections of lymphocytes, which are a normal feature in every preg- 
nancy and lactation, and to a lesser degree at every menstrual period, 
the terms chronic mastitis, chronic cystic mastitis and chronic inter- 
stitial mastitis, can be dismissed as archaic and should be discarded.” 
Unfortunately it is not easy to cast overboard a term which has become 
part of the everyday speech of pathologists and surgeons, and it would 
almost require the edict of a dictator to displace it from medical 
literature. As long as the term chronic mastitis is merely a symbol, 
albeit a meaningless one, its use can be tolerated. The probable cause 
is abnormal or excessive stimulation from the ovary. Marked mam- 
mary glandular hyperplasia can be produced in the mouse by dail\’ 
injections of ovarian extract. Moreover it is found that estrin tends 
to cause albuminous secretion and cystic dilatation, while progestin 
leads to epithelial hyperplasia. It is probable that lobular hyperplasia 
of the breast is due to the action of both ovarian hormones, the corpus 
luteum phase predominating. 

Clinical Features.— The patient is usually in the in volutioiiary period 
of life, at a time when the ovarian function is irregular and declining. 
Another group is seen in young unmarried women who often present 
evidence of disturbance of ovarian function. They really suffer from 
hypoactivity of the ovaries (short and scanty menstruation) with 
overactive or persistent corpora lutea. The condition is commoner in 
multiparje, whose breasts have repeatedly passed through the periodic 
hyperplasia and involution of pregnancy and lactation. The woman 
complains either of pain or a lump in the breast; the pain is usually 
worse at the iiiensteual period. There is tenderness as well as pain. 
Both breasts are often involved, and there may be several lumps in 
each breast, which always suggests an innocent condition. The sus- 
pensory ligaments of the breast are often thickened after lactation, 
and as these are attached to the skin the effect is to isolate lobules of 
fat which appear to be separate nodules when the breast is palpated. 
After the breast is removed these nodules can no longer be felt owing 
to division of the suspensory ligaments. The breast may feel coarsely 
granular owing to the presence of small cysts; such cysts always feel 
as hard as a tumor, never soft and fluctuating. The axillary lymph 
nodes may be enlarged, and tender for a reason which is not obv ious. 
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Lesions.— The gross appearance is characteristic, and it is usually 
easy to make a naked-eye diagnosis when the specimen is removed. 



Fig. 362. — Lobular h 3 rperplasia with cyst formation. All of the ti.sMie shown is tlic 
.seat of a diffuse induration. There are several cysts of varying size and many very 
minute cysts. 


The lesion is diffuse, so that the indurated area is not circumscribed 
as is cancer, but shades off into the surrounding tissue. It is character- 
istically tough and india-rubbery in consistence, on that account dif- 



Fio. 363. — Cysts in lobular h 3 rperplasia. Both epithelial proliferation and cyst forma- 
tion are present. There is commencing papillary formation in the large cyst. 

ficult to cut in comparison with carcinoma, yellowish-white or gray in 
color, and not encapsulated. Cysts of varying size and number are 
usually present. (Fig. 362.) The dilated ducts may be filled with putty- 
like material which can be squeezed out like worm casts- The cysts are 
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commonly multiple and small. Sometimes there is a single large cyst 
tensely filled with fluid and commonly called the blue-domed cyst 
(Bloodgood). If there are many large cysts the picture becomes that 
of the classical cystic disease of the breast or Schimmelbusch’s disease 
in which the bre^^ niay^ be riddled with large, smooth-walled cysts. 

The microscopic^ appearance is extremely varied, depending on 
whether hyperplasia or involution dominates the process. If hyper- 
plasia is the chief feature,^the picture will be adenomatous i^type, 
a condition described by some authors as non-encapsulated adenoma, 
and more likely to be seen in the earlier years. If involution is 
dominant, cyst formation will be a striking feature, and is therefore 
seen more often in the later years. As the hyperplasia may chiefly 
affect either the epithelium or the connective tissue of the gland fields, 
the picture will be correspondingly varied, some cases showing marked 
epithelial proliferation and papillary formation, while others show 
marked fibrous overgrowth and may resemble fibroadenoma. 

The varied picture presents one or more of t^e following features. 

(1) Glandular hyperplasia is usually marked as evidenced by the num- 
ber and prominence of the gland fields. This is the essence of lobular 
hj'perplasia. The acini are represented by solid buds of cells which 
stain darkly. This appearance is likely to be found in younger women. 

(2) Cyst formation is so common that it has been incorporated in such 
names as cystic mastitis. (Fig. 363.) The cysts are usually small, 
they may be microscopic in size, or they may be as large as a cherry. 
The cysts are formed from the ducts, not as the result of obstruction 
by fibrous tissue nor distention by secretion, but because the hyper- 
plastic duct has not undergone complete involution to the normal 
size. When a cyst is once formed, secretion may add to its size. (3) 
Papillary formation may be very striking owing to the epithelial 
cells growing in bud-like formation into the cyst spaces. Trabeculse 
of cells may spread across the smaller cysts, coalescing in places so 
as to form an interlacing filigree or laciform pattern, which some 
writers describe as adenomatous. This intraductal epithelial prolifera- 
tion may progress to such a degree that the entire lumen becomes 
packed with cells. It may be very difficult to distinguish this condi- 
tion from carcinoma, and in some cases actual invasion of the sur- 
rounding tissue may occur. (4) Pink epithelial cells may line the cyst 
or form the papillary processes. (Fig. 364.) Part of a cyst may be 
lined by normal cells, and part by these large cells, the cytoplasm of 
which stains pink with eosin. The change appears to be due to hyalini- 
zation of the epithelium. The cytoplasm of these cells when suitably 
stained is found to be filled with granules, and the appearance of the 
cells is identified with that of the cells of the specialized apocrine sweat 
glands in the axilla and elsewhere (Lendrum). Both mammary 
epithelium and the epithelium of apocrine glands arise from primitive 
sweat gland epithelium, and it seems probable that the mammary 
epithelium may become dedifferentiated to the primitive sweat gland 
type, and in the subsequent regeneration acquire the characteristics of 
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apocrine sweat gland epithelium. (5) Connective-tissue hyperplasia is 
an integral part of the process, but varies greatly in amount. It is the 
specialized connective tissue of the gland fields which is involved, not 
the stroma of the breast. The overgrowth may be so great that the 
condition is practically one of pericanalicular fibroma. (6) Lympho- 
(rytic infiltration is a very common feature, and is responsible for the 
misconception that the condition is a mastitis. The round cells arc 
not due to infection, for they are present in the hyperplasia of preg- 
nancy, lactation and menstruation, where they apparently have some 
scavenger action to perform. 



Flo. 364. — Cystic hyperplasia with papillary formation. The papillary epithelium 
stained pink with eosin. X 90. 

The valuable contributions of JSir Lenthal Cheatle to the subject of cys- 
tic hyperplasia must not pass unnoticed, although his nomenclature is so 
forbidding as to prevent adaption for every-day use. Briefly summarized, 
Cheatle divides the disease commonly called chronic mastitis into two entirely 
different conditions. ^ (1) Mazoplasia: this is characterized by hyperplasia of 
pericanalicular and periacinar connective tissue, round-cell infiltration, and the 
formation of new ducts and acini. It is very common, being almost universal 
in women who have borne children, le.ss common in virgins, and is seen at birth, 
puberty, pregnancy, and lactation. There is no cyst formation, no relation to 
cancer, but it may cause fibroadenoma. (2) Schimmelhusch’s disease; this is a 
special (cystophorous) type of what Cheatle calls desquamative epithelial 
hyperplasia, characterized by the formation of cysts and papillary processes. 
It is the condition which we have called lobular hyperplasia. The hyperplasia 
may develop into neoplasia, sometimes benign but often malignant. Cheatle 
regards the condition as strongly precancerous. 
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Rolfttion to Cftrcinoma. The question of the relation of lobular hyper- 
plasia (chronic mastitis) to carcinoma is a very diflBcult one, regarding 
which there are great differences of opinion. The condition is com- 
monly regarded as preeancerous and a radical operation is often done 
lest a worse thing should befall the patient. This may be advisable in 
an elderly patient, hut is certainly unjustifiable in a young woman. 
The writer feels that from the pathological point of view it is possible 
to trace a long series of progressive changes in the duet epithelium, 
until the ducts are filled with masses of cells which are indistinguisliable 
histt)logically from cancer colls and which may finally break through 
the wall and invade the surrounding tissues. (Fig. 3C5.) Actively 



I'ld. 365. — Carcinuma of the breast associated with cystic hyperplasia. (From Boyd’s 

Surgical Pathology.) 


proliferating lesions such as intraduct papilloma and cysts with 
papillary epithelium are of graver import than large cysts with atrophic 
epithelium. Greene has observed a strain of rabbits many of whom 
developed cystic disease of the breast followed by carcinoma. The 
cystic disease phase was identical with Schimmelbusch’s disease in 
women. Within the cysts there occurred first epithelial hyperplasia, 
then neoplasia, and finally invasion. These changes were watched by 
means of repeated biopsies. From the pathological standpoint, there- 
fore, the condition must be regarded as preeancerous. The final court 
of appeal should be follow-up studies on women who have had com- 
plete (but not radical) removal of the gross lesion. Unfortunately 
there is no unanimity on this point in the published reports. Blood- 
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good^ and more recently Campbell, conclude from such studies that 
there is no causal relationship between the two conditions, although 
both are common lesions of the breast occurring mostly at the same 
age period. Shields Warren, on the other hand, as the result of similar 
studies, believes that a woman who has had chronic mastitis is in far 
greater danger of developing cancer, even though all the apparently 
abnormal tissue has been removed, but once she has passed the meno- 
pause there is no greater danger than in any control group. If a 
malignant change does occur it is apparently of a limited character, 
which differs markedly from the invasive character of an ordinary 
primary carcinoma in which early removal is often of no avail. 

Fibrosing Adenomatosis. — Ewing has drawn attention to this condition 
which he says gives rise, probably more frequently than any other lesion of the 
breast, to a mistaken diagnosis of cancer. It is commoner in young women. 
The breast contains a number of hard discrete nodules, the cut surface of 
which is uniform in contrast with that of carcinoma. The microscopic appear- 
ance is described by the name, for there is multiplication of the acinar cells 
combined with fibrosis, the latter dominating the picture and finally leading 
to atrophy. There is a tendency for the acini to break up into small groups 
and clumps of cells. The picture is a characteristic one. The condition bears 
no relation to malignancy. 

FIBROEPITHELIAL TUMORS 

When the hyperplasia w’hich is characteristic of aberrant breast 
physiology is localized, a nodular condition is produced which is com- 
monly regarded as a tiuiior. The hyperplastic area may be semi- 
encapsulated, being sharply demarcated on one side but continuous 
with the breast tissue on the other. The hypertrophy may be great 
enough to push the fibrous tissue aside so that a complete capsule is 
formed. If the overgrowth chiefly affects the connective tissue we 
speak of a fibroma. As a rule both epithelial and fibrous tissues share 
in the overgrowth, giving a fibroadenoma. Localized epithelial ovcr- 
gro\vth into a dilated duct forms a duct papilloma. 

Fibroadenoma.— A fibroadenoma occurs chiefly in young women, 
originating perhaps at puberty and growing during the years of devel- 
oping sexual activity. It is commoner in nulliparae than in those who 
have borne children, differing in this respect from lobular hyperplasia. 

It is customary to recognize two forms of tumor, the intracanalicular 
and the pericanalicular. The intracanalicular fibroadenoma is the com- 
mon variety. (Fig. 366.) As the hyperplasia involves particularly 
the specialized connective tissue of the lobules, the tumor is more a 
fibroma than an adenoma. It is usually well encapsulated, has a soft 
consistency and a rather moist appearance, and the cut surface may 
show many narrow slits or splits (the ducts), so that the appearance 
may resemble the leaves of a book; sometimes little masses can be 
distinguished enclosed within small spaces. The encapsulation may 
be only partial, the tumor blending on one side with the surrounding 
breast tissue. Mwroscopically there is a great proliferation of loose 
connective tissue of open structure which invaginates the wall of the 
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ducte, projecting into the Iiunen to form polypoid masses, and pro- 
ducmg great dilatation, elongation, and distortion of the ducts. (Fig. 
367.) The connection of these polypoid growths with the wall of the 
duct is often not seen in the section, so that fibrous masses covered 
by a layer of epithelium appear to be lying free in the lumen. The 
ordinary connective stroma of the breast takes no part in the over- 
growth. The lobules of the surrounding tissue often show hyper- 
plasia, and in those cases where the encapsulation is only partial the 
similarity of structure of the tumor and the adjacent tissue may be 
very striking. 



Fro. 366 Fra. 367 

Fig. 3(iG.— Intracaiialicular fibroadenoma. The process of formation is shown here, 
blit usually no connection can be scon Iwtween the mass within the duct and the sur- 
rounding w'all. X 175. 

Fio. 367. --Intracaiialicular fibroadenoma of the breast. The ducts are elongated and 
distorted by the new fibrous tissue. X 75. 


The pericanalicvlar fibroadenovKi is a much harder tumor, and 
seldom becomes as large as the preceding variety. It is well encap- 
sulated, and when the sheath is incised it can usually be shelled out 
quite readily. It has a characteristic mobility when palpated. The 
cut surface is white, dry, and homogeneous. Microscojncally there is a 
proliferation of glandular and fibrous tissue. The new connective 
tissue surrounds the ducts without invaginating them, hence the name 
pericanalicular. (Fig. 368.) The picture suggests less active growth 
than that of the preceding variety. 

The distinction between the two forms, however, is not fundamental. 

47 
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Examine the intracanalicular type and many areas of pericanalicular 
formation will be found. Taking the broader view we may say that a 
fibroadenoma may be predominantly intracanalicular or pericanalicular 
in type. The recognition of the two forms is customary but somewhat 
unnecessary. 




Fig. 3fi8. — Pericaimlirular fibroadenoma. 
The ducts are .surrounded by the new fibrous 
ti.ssue. X 200. 


Fig. 309. — Duct papilloma of the breast. 
The duct is greatly distended by a raspberry- 
like mass. X 10. 


Duct Papilloma.-— This condition is also known as adenocystoma, 
papillary cystoma, intracystic papilloma, and many other names. 
The papilloma projects into a dilated duct, usually in the vicinity of 
the nipple. At first it is composed of a series of folds so that it resem- 
bles a small raspberr^^, but as it increases in size the folds or villi 
adhere together so that the surface becomes smoother, h'inally it 
distends the duct and becomes a solid compact mass. Microsccypically 
the tumor consists at first of numerous delicate villi covered by epithe- 
lium, but as it increases in size and the processes are pressed together, 
adhere and interlace, gland-like spaces are formed so that the appear- 
ance becomes adenomatous. (Fig. 369.) This explains the use of 
such a term as adenocystoma. The bloodvessels are numerous and 
thin-wallefl so that hemorrhage is common, and a blood-stained dis- 
charge from the nipple is one of the characteristic sympti^ms. In 
some cases a malignant change develops and the condition becomes a 
duct carcinoma. 
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CARCINOMA OF THE BREAST 

Cancer of the female breast is one of the commonest forms of malig- 
nant disease. It usually occurs during the involution period, i. e,, in 
the years before the menopause, and is rare before the age of thirty-five 
years. There is a higher incidence in nulliparae, and the disease bears 
no relation to repeated suckling, l^rcgnancy indeed appears to have a 
protective influence. 

Etiology. —Three factors which are of importance in the experimental 
animal and perhaps also in the human subject are inadequate drainage 
of the duct system with stagnation and retention of irritating material 
(Adair and others), irregular or abnormal ovarian stimulation (Lacas- 
sagne and others), and some maternal influence transmitted with the 
mother’s milk (Bittner). (1) Breast drainage may be interfered with 
as the result of anomalies of the duet, a plug of (lesquamated cells in 
the duct, etc. The breast of the typical spinster has an underdeveloped, 
small, hard, fibrosed nipple, and we have already seen that cancer is 
commoner in those who have nev^er borne children. According to 
Adair only 8.5 per cent of patients with cancer of the breast give a 
normal nursing history. Bagg has shown that in a strain of mice with 
a low incidence of cancer of the breast, ligation of the ducts to the 
nipples on one side of the body half way through pregnancy frequently 
produced carcinoma. By means of very rapid breeding without 
accompanying suckling he also produced a high proportion of cancer. 
After all, the animal with the most overworked iiiaimnary gland in 
the world, namely the cow, never develops mammary cancer. (2) The 
elVect of ovarian stimulation can be demonstrated experimentally 
cither by injecting ovarian hormones or by removal of the ovaries. 
Lacassagne has shown that injection of estrin will produce mammary 
cancer in mice in a high percentage of cases, even in male mice of a 
low cancer strain, '^llic preliminary changes are epithelial hyperplasia, 
dilatation of ducts with the formation of cysts and papillary processes, 
and round-cell infiltration. Removal of the ovaries in a cry young 
mice witli a natural high incidence of mammary cancer will prevent 
the development of cancer in the inactive breasts. It is evident that 
estrin can act as a carcinogenic agent. The fault may lie not in the 
ovary but in other ductless glands. There is no evidence that mice 
of a high cancer strain produce more estrin than those of a low cancer 
strain. The adrenal cojtex acts syiiergistically ^yith the ovarian 
hormone, whereas the anterior pituitary acts antagonistically. Adrenal 
cortical hyperplasia has been observed by Greene and others in animals 
with spontaneous mammary carcinoma. (3) Ihe imi^rtance ot 
heredity in the etiology of cancer is well recognized, but Bittner has 
shown that in mouse mammary cancer some extmchromosomal 
influence may be transmitted in the mother’s milk. If the young ot 
a high breast tumor stock are suckled by mothers of a low breas 
tumor stock the incidence of breast cancer is greatly reduced, i he 
exact significance of this startling observation is not yet c ear. i ncr 
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has even succeeded in extracting the cancer-producing factor in the 
breast of animals with high spontaneous carcinoma of the breast. 
When this factor was given to animals with a normal incidence of this 
tumor the incidence rose from 1 per cent to 67 per cent. It seems 
most probable that the carcinogenic factor is a filterable virus. Wood 
and Darling report a cancer family in which a number of instances of 
bilateral mammary carcinoma occurred in the course of four genera- 
tions. In the third generation three sisters developed breast cancer. 
The cancer occurred only in those women who had been nursed by 
their mothers, a fact suggesting the operation of a factor similar to the 
“milk influence” demonstrated by Bittner in mice. It has been urged 
that women of families with any malignant tumors in their ancestry 
refrain entirely from nursing their children. 

Infiltrating carcinoma may originate de novo from normal breast 
tissue. In many cases, however, there is a preliminary epithelial 
hyperplasia followed by neoplasia vrithin the ducts before infiltration 
occurs. This may affect many groups of cells, so that the tumor may 
be of multicentric origin (Muir). Greene has observed a similar 
process in rabbits in whom, by means of repeated biopsies, he was 
able to watch the gradual evolution of the tumor. 

Trauma and external irritation bear no relation to cancer of the 
breast. If trauma were a factor, the disease would be more frequent 
among the laboring and agricultural classes. That a physical trauma 
should produce breast cancer is contrary to the dictum that the 
stimulus to cancer must be of the same type as that to which the 
particular tissue is biologically best adapted to respond with pro- 
liferation. 

A great variety of forms of breast carcinoma have been described. 
Some of the names apply to the gross appearance, some to the micro- 
scopic structure, and some to the clinical behavior. The great majority 
of cases can be placed in one of the following five groups: (1) scirrhous 
carcinoma, (2) medullary carcinoma, (3) adenocarcinoma, (4) duct 
carcinoma, and (5) Paget’s disease. Rarely the tumor is so undif- 
ferentiated that it cannot be placed in any of these groups; this may 
be called the anaplastic form. 

Scirrhous Carcinoma.— This is much the commonest form of cancer 
of the breast. It usually begins in the upper and outer quadrant of the 
breast, where it forms a hard nodule which can best be appreciated 
with the palm of the hand. It becomes fixed to the deep fascia and 
later to the skin, but if the growth occurs midway between fascia and 
skin the tumor may be freely movable for some time. There may 
be slight dimpling of the skin due to lymphatic edema. Fixation and 
retraction of the nipple is a late symptom, caused by involvement 
of the large milk ducts. The breast is small and flattened. It must 
be understood that in the early (operable) stage the only sign may 
be a hard nodule in the breast. Any such nodule in the breast of a 
woman in the cancer period may be carcinoma, and should at once 
be examined. Scirrhous carcinoma grows more slowly than the medul- 



PLATE XX 



Carcinoma of Breast 

Tbo concave Mil face, tlic iiidn'nMi nipple, llic infiltration, and the yello\vish-«jrev 
st leaks aic all shown. 
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lary form, but the ultimate prognosis is no better, because though 
local growth is slow, dissemination occurs early. 

The lesion is definitely circumscribed in comparison with cystic 
hyperplasia, although of course it is not encapsulated and sends pro- 
cesses into the surrounding tissue. It forms a definite tumor; an 
absolutely diffuse lesion is almost certain to be cystic hyperplasia, not 
carcinoma. It is peculiarly hard, a feature from which it derives its 
name {skirros, hard). It cuts with the grittiness of an unripe pear, 
so that a diagnosis can often be made the moment the knife enters the 
tiimor. The cut surface is gray, and is seldom homogeneous, present- 



Fig. 370. — Scirrhous carcinoma, 
of the breast. The tumor is in the 
center f)f the sj 3 ecinieii. It is fairly 
well circumscribed and depressed 
below the surroundini; tissue; the 
cut surface is marked by streaks. 



Fig. 371. — Carcinoma of breast arising 
from wall of duct. X 145. 


ing yellow or gray streaks which represent clumps of necrotic fatty 
tumor cells (Plate XX). The cut surface is concave, retracting below 
the general level. (Fig. 370.) Small cysts may be present. The gross 
appearance of a scirrhous cancer is usually so characteristic that the 
surgeon is able (or ought to be able) to make his own diagnosis at 
operation without the assistance of a pathologist. When the tumor is 
exposed it is incised. This is not attended by any danger of dissemina- 
tion as used to be feared. If the tumor is found to be malignant, radical 
removal of the breast and the surrounding structures is done at once, 
whereas if it appears to be benign the entire lump is removed and 
the diagnosis verified by frozen section on the spot or later paraflin 
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sections. Prior to operation no surgeon in the world can be certain 
that a localized lump in the breast is not a carcinoma, however innocent 
it may appear to be. 

The microscopic appearance is also readily recognized. The tumor 
originates from the epithelium lining a duct (Fig. 371), but soon the 
normal glandular structure becomes replaced by tumor growth, con- 
sisting of masses of epithelial cells separated by a dense and abundant 
fibrous stroma. (Fig. 372.) This may be so dense that the cancer 
cells are only present in single file, lying within lymph spaces, and in 
places they may have disappeared completely. The cells are poly- 
gonal and distorted by the dense fibrous tissue, they are small and 
stain darkly, and mitotic figures are rare. Round-cell infiltration nnu^ 
be present in })laccs. 



Fig. 372. — Scirrhous carcinoma of the breast. The compressocJ groups of tumor cells 
are separated by a dense stroma. X 175. 

Medullary Carcinoma. — This is considerably less common than the 
preceding form, of which it is merely a variant so that no sharp line 
can be drawn between the two. The distinction between the two can 
more readily be made from the gross appearance than under the micro- 
scope, for one section may present an encephaloid picture while another 
may be scirrhous in type. The medullary carcinoma does not form 
the rather early adhesions with the deep fascia or skin which are 
characteristic of the scirrhous form, and is therefore more diflScult to 
recognize at an early stage. The tumor is soft, rapidly-growing, and 
is likely to form a bulky local growth which ulcerates the skin. When 
removed it is soft and friable. It is also called encephaloid carcinoma 
because of its softness, but it seldom resembles brain tissue sufficiently 
to deserve that name. Microscopically the tumor is highly cellular 
with very little stroma, thus accounting for its softness. The cells, 
which are large, rounded, and show numerous mitotic figures, are 
collected in large rnas.ses (Fig. 373), but in places there may be some 
grouping around spaces so as to suggest an attempt at glandular 
formation. 
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Acute carcinoma is of the medullary type, although usually more 
diffuse. It generally develops during lactation, and there is rapid 
dissemination throughout the breast and skin. It is easily mistaken 



Fi(i. 873.— Medullary carcinoma of the breast. The colls are massed together with no 
stroma between them. X 250. 

for the acute mastitis which may complicate lactation, for the l)reast 
is hot, swollen, painful, and tender, and there is often a well-marked 
leucoc;ytosis. The course is very acute and scltlom lasts more than a 
few months. 



Fia. 374.- - Adenocarcinoma of breast. ing epithelial cells, but invasion has 

X 125. not yet taken place. X 50. 


Adeiiocarcixioxii8>. — This is a rare tumor of the breast. It is of soft 
consistence and may become quite bulky, but it is of slow growth, of 
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rather low malignancy and may remain localized for a long time. It 
may finally cause ulceration of the skin and form a large fungating 
tumor on the surface. The axillary lymph nodes are usually not 
involved by the tiunor, though they may be somewhat enlarged. The 
microscopic appearance is that of gland spaces surrounded by columnar 
epithelium. (Fig. 374.) The much commoner duct carcinoma is fre- 
quently called adenocarcinoma, but true adenocarcinoma is a rare 
condition. 

Papillary Carcinoma of Duct.— This tumor usually arises from one 
of the large ducts near the nipple, and is commonly called duct carci- 
noma. The growth may originate from duct papilloma. Owing to 
fusion of the papillary processes a gland-like condition may be pro- 
duced, so that the lesion has been called cystadenocarcinoma. The 
tumor is only slowly invasive. Bleeding from the nipple is a common 
symptom. 

Intraduct carcinoma is a convenient term applied to those cases of 
cystic lobular hyperplasia in which a malignant change is added to 
epithelial hyperplasia, but the tumor cells are still confined within 
the walls of the ducts. (Fig. 375.) Such a condition tends to be diffuse 
in contrast to papillary carcinoma of the main ducts which is a localizetl 
lesion. It may be very difficult for the pathologist to decide before 
invasion has occurred whether such a specimen is malignant or not. 
The “comedo carcinoma” of Bloodgood (so called because worm-like 
casts can be expressed from the cut surface) belongs to this group. 

Sweat Gland Carcinoma. — Ewing, in common with many continental 
writers, recognizes a sweat gland carcinoma of the breast; indeed, he believes 
that a considerable proportion of his material belongs to this group. The 
tumors are said to be especially common in the skin and in the axilla. They 
are supposed to arise from sweat glands in the breast, which might occur 
normally or as aberrant inclusions. These are said to be characterized by a 
special type of epithelium called by the French sweat gland epithelium, by the 
Germans “pale epithelium,^' but which we may call eosinophilic epithelium, 
owing to its red staining. Dawson, in a recent study, considers that this 
epithelium is derived from normal mammary gland structure, that it does 
not occur in the normal breast, and that it is only found in cysts, the epithelium 
of which has undergone proliferation followed by degeneration. Tall columnar 
eosinophilic epithelium is very common in cystic hyperplasia. In view of the 
doubt regarding the occurrence of svreat glands normally in the breast, the 
question of sweat gland carcinoma must be considered to be svb jvdice. 

Paget’s Disease.— The condition described by Sir James Paget in 
1874, and since known as Paget’s disease of the nipple, is a chronic 
eczema of the nipple with the do^elopment after some years (some- 
times as long as ten years) of a cancer in the breast. In the past there 
has been much difference of opinion as to whether the skin condition 
or the cancer was the primary lesion. The skin lesion is malignant, 
but of very slow growth and without glandular involvement. The 
breast tumor may be of rapid growth. The ezematous area at the 
nipple is usually bright red and either moist and weeping or dry and 
scaly. Microscopically the skin in the affected area shows marked 
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epidermal hypertrophy before ulceration takes place. The most char- 
acteristic feature is the presence of the peculiar structures known as 
Paget cells. (Fig. 376.) These are large, clear, vacuolated cells with 
small pyknotic nuclei. They look like clear spaces punched out of 
the epidermis. They are most abundant in the basal layers, but may 
permeate the entire thickness of the epidermis. The underlying dermis 
shows infiltration with lymphocytes and plasma cells. In the later 
stages there is ulceration of the epidermis. 



Fiu. 376. — Paget’s disease of the breast showing clear Paget’s cells in the hypertrophic 

epidermis. X 325. 


The pathogenesis of the condition is still a matter of dispute. Muir 
and others believe that it begins as an intnidiict carcinoma, and that 
the cancer cells spread along the duct and penetrate between the cells 
of the epidermis (intraepithelial spread of carcinoma). Frequently 
the tumor appears to begin as a local lesion at or near the outlet of a 
lactiferous duct, whence it spreads centrifugally both in the duct 
epithelium and in the epidermis, but the continuity is broken w’hen 
some parts die while others remain alive, so that there may be no 
connecition between the epidermal lesion and the tumor in the breast 
(Inglis). In such cases Cheatle suggests that the carcinogenic agent 
has acted both on the epidermis and on the breast tissue at a distance. 
In support of this is the fact that a series of ducts may show neoplastic 

Spread of Breast Carcinoma.— The cancer cells are spread by infil- 
tration, by the lymph stream, and by the blood stream. 
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Infiltration is the means by which the malignant cells spread through- 
out the breast. They infiltrate the tissue spaces between the fat cells 
and connective-tissue bundles, as can be best seen in the scirrhous 
form of cancer. It is in this way that the deep fascia and skin are 
involved. Adenocarcinoma and duct carcinoma show a comparatively 
slight tendency to infiltration. Microscopic sections of the whole 
thickness of the breast show that the pectoral muscle is involved in 
over one-half the cases of scirrhous carcinoma at the time of operation, 
although no gross evidence of involvement may be apparent. This 
indicates the need of wide removal of the tissues underlying the breast. 

Lymphatic spread carries the tumor cells to a distance. There are 
two ways in which this spread may occur. The cells may grow along 
the lymphatics by a process originally described by Sampson Handley 
and named by him lymphatic permeation. Or they may be carried 
by the lymph stream in the form of tumor emboli. It appears prob- 
able that embolism is a much more important method than permeation, 
although for a long time it was thought that permeation was the chief 
method of spread. The tumor cells reach the axillary lymph nodes 
early in the disease, especially in the scirrhous form of carcinoma. 
These nodes show microscopic involvement in over 60 per cent of cases 
at the time of operation, l^he mediastinal nodes may occasionally 
be invoh ed quite early, sometimes even before the axillary nodes. It 
is in these cases that surgery is so helpless. The prognosis (l(*[)cnds 
largely on the question of lymph node invoh ement. Adenocarcinoimi 
and duct carcinoma rarely invade the nodes, but unfortunately these 
are uncommon forms of cancer of the breast. 

The plexus of lymphatics whi(?h lies upon the deep fascia becomes 
fillefi with tumor cells, and it is along the planes of the deep fascia 
and the muscular aponeuroses that the principal spread takes plac(\ 
The nodules which often appear in the skin after removal of the 
tiunor owe their origin to this deep supply of tumor cells. Obliteration 
of the deep lymphatics may cause a lymphatic edema of the skin, and 
as the epidermis is anchored at many points by hair follicles, the inter- 
vening skin becomes swollen so as to give a characteristic dimples! 
appearance known as pig skin or peau d' orange. The condition spoken 
of as cancer en cuirasse is due to lymphatic edema rather than to 
invasion of the skin by tumor cells. The pleural and peritoneal cavities 
may be invaded by lymphatic spread along the fascial and aponeurotic 
planes. The lung may be invaded from the bronchial lymph TK)des, 
and the liver by way of the lymphatics in the falciform ligament. 

Blood spread leads to involvement of distant organs. Metastases 
occur most frequently in the lungs and liver, the next most common 
locations being the adrenals, spleen and ovaries (Saphir and Morris). 
It is in the reel marrow that the tumor cells lodge, so that n»etastases 
are found in the vertebree, the flat bones, and the proximal ends of the 
humenis and femur. Spread by the vertebral set of veins (page 258) 
is probably responsible for involvement of the vertebrae and the skull. 
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Prognosis. — In estimating the prognosis in cancer of the breast, clinical 
features are of greater value than the microscopic appearance. At the same 
time we may recognize that the scirrhous and medullary types have a worse 
prognosis than adenocarcinoma, duct carcinoma, and Paget’s disease. The 
younger the patient and the more rapid the growth, the worse the outlook. 
Jiymph node involvement is the most important factor, as it is an index to 
the degree of spread. It is difficult to be certain if a patient has been cured, 
for the disease may recur after a number of years in the mediastinal lymph 
nodes. The average duration of life in untreated cases is three years. Of 
patients treated by the radical operation, 50 per cent are alive and well after 
three years and 30 per cent after ten years. Of patients in whom the disease 
is still confined to the breast, over 85 per cent are alive and well at the end of 
ten years. These figures are taken from the report of Janet Lane-Clay pon to 
the British Ministry of Health, based on a most exhaustive investigation. 

Effect of Radiation.— The radio-sensitivity of cancer of the breast varies 
markedly with the type of growth. About 20 per cent of the cases are radio- 
sensitive, 20 per cent arc resistant, and 60 per cent arc intermediate. Un- 
fortunately radio-sensitivity is no criterion of certain cure. The more sensitive 
the tumor, the more cellular it must be, and the more cellular the more danger- 
ous on account of the earlier formation of metastases. Scirrhous carcinoma, as 
might be expected, is highly radio-resistant. The medullary form, on the other 
hand, may be quite radio-sensitive. Adenocarcinoma and duct carcinoma do 
not respond well to radiation. The rapidly growing anaplastic forms respond 
best, but have the worst prognosis. 

Comparison of Lobular Hyperplasia, Fibroadenoma and Carcinoma. 
The recognition of the gross features of the three major diseases of 
the breast is so important that a brief comparison may be useful. In 
each of these conditions the patient annes cotiiplaininf? of a lump in 
the breast. liOcal flattening suggests cancer, local prominence suggests 
a benign tumor or a cyst. In lobular lij’perplasia the lump is best felt 
OTth the fingers, in carcinoma it is more easily detected with the palm 
of the hand, and in fibroadenoma, particularly the pericanalicular type, 
it is peculiarly mobile. Fixation to the deep fascia and the skin is 
characteristicrof carcinoma, especially the scirrhous form. When carci- 
noma is stpicezed between the finger and thumb there is a wrinkling 
and dimpling of the skin, which is a pathognomonic and much earlier 
sign. The axillarii lymph nodes m&y be enlarged and hard in carcinoma, 
small and tender in lobular hyperplasia, and unaffected in fibroadenoma. 
I'he cut surface of scirrhous carcinoma shows a definite, circumscribed, 
hard tumor, a<lherent to the surrounding fat, not encapsulated, gray 
in color, with a concave surface on which there are yellow streaks and 
spots; it cuts with the gritty feel of an unripe pear, fl'he fibroadenoma 
is circumscribetl, encapsulated, easily shelled out, firm, but without 
the dense hardness of a scirrhous cancer; the cut surface is white and 
homogeneous, although it may be traversed by fine slits. In lobular 
hyperplasia the cut surface reveals no circumscribed lesion as m inost 
forms of carcinoma, but a diffuse indurated area, tough and mdia- 
riibbery in consistence, yellowish-gray in color, and fading away into 
the surrounding breast; cysts of varying size, sometimes quite large 
(blue-domed cysts), are commonly visible to the naked eye. Although 
these various iWions are so different, it must be realized that they may 
all be produced by the action of ovarian hormones. It is not uncom- 
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mon, therefore, for one or more of them to be combined. Indeed I 
have seen carcinoma, duct papilloma, lobular hyperplasia and fibrosing 
adenomatosis all in one breast. 

Carcinoma of the male breast is rare. It is usually of a rather high grade 
of malignancy. Lobular hyperplasia is considerably more common. 

Sarcoma.— This is also uncommon. It may attain a great size. The cut 
suiface presents a characteristic homogeneous appearance like fish-flesh, and 
shows none of the yellow necrotic areas and striations characteristic of car- 
cinoma. This, combined with its softness, usually allows a correct diagnosis 
of the tumor to be made with the naked eye. The sarcoma may develop from 
a fibroadenoma, in which case it is composed of spindle cells arranged around 
ducts. In the ordinary iomi which arises de novo it is made up entirely of 
spindle cells, many of which show mitotic figures. The lymph nodes are 
seldom involved, but there may be distant blood spread. 

Other tumors which may rarely be found in the breast are angioma, lipoma, 
myxoma, and chondroma. 

Bleeding from the Nipple.— The two common causes of discharge of blood 
or blood-stained fluid from the nipple are duct papilloma and duct carcinoma. 
There is much difference of opinion as to whether or not the symptom usually 
indicates malignancy; but it seems probable that about 50 per cent of the cases 
are benign and 50 per cent are malignant (Adair). It is important to realize 
that the discharge may not contain blood although the patient says that it 
does, and in every case a microscopic examination should be made of a smear. 
Lobular hyperplasia may cause a discharge from the nipple which is chocolate, 
green, or yellow in color, but which contains no blood. A dark, stagnant, 
bloody discharge is practically pathognomonic of duct carcinoma. Transil- 
lumination of the breast is useful for localizing the lesion, for a collection of 
blood appears black with this method. 

CYSTS OF THE BREAST 

The common cysts of the breast are those of lobular hyperplasia. These are 
not retention cysts due to obstruction of the ducts, but are first produced by 
dilatation from epithelial hyperplasia, followed by incomplete involution which 
leaves the duct dilated. Obstruction may then be superadded, so that con- 
tinued secretion may lead to a great increase in size. A feature of these cysts 
is that the clear fluid which they contain may be under marked tension, so that 
it spurts out violently when the cyst is incised. A galactocele is a very rare 
condition in which a large cyst containing milk is formed during lactation. 
Being a dilatation of one of the main milk ducts, it is situated close to the 
nipple. Hydatid cysts are extremely rare. 

ACUTE MASTITIS 

Acute inflammation of the breast is practically confined to the first 
few weeks of lactation. Physiological hyperplasia may occur imme- 
diately after birth and at puberty, and when unduly marked this may 
cause symptoms which are described clinically as acute mastitis, but 
it is not a true inflammation. The common infecting organism is the 
Staphylococcus aureus, which produces a localized inflammation. 
More rarely a streptococcus may cause a diffuse inflammation. Infec- 
tion takes place through the milk ducts or cracks in the nipple. Sup- 
puration occurs and an abscess may be formed. This may be sub- 
cutaneous, intramammary, or retromammary. In the latter form the 
breast is pushed forward. Only one segment of the breast may be 
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involved, or a number of abscesses may be formed in adjoining lobes 
so that multiple incisions are required. Acute mastitis may be closely 
simulated by acute carcinoma, a condition characterized by pain, 
swelling, heat, and fever. 

OTHER LESIONS OF THE BREAST 

Fat Necrosis. — It has long been known that a quiet necrosis with saponifi- 
cation may occur in traumatized or ischemic fat in any part of the^body, a 
process similar to pancreatic fat necrosis but of slower tempo due to absence 
of the active pancreatic lipase. Within recent years it has been recognized 
that such a process in the breast may ^ve rise to a levsion which closely simu- 
lates scirrhous carcinoma (Ijee and Adair). A history of trauma to the breast 
shortly before the appearance of the lesion is obtained in many cases, so that 
the condition is commonly called traumatic fat necrosis, but in about one- 
half the cases there is no such history. The patients are usually corpulent 
with large full breasts, and most cases occur in the fourth and fifth decades. 
A hard localized mass is formed, which is often adherent to the skin, so that 
the condition is readily mistaken for cancer. 

The gross appearance of the lesion is characteristic, and should be recognized 
i n the operating room . The affected area is of an opaque, white, chalky appear- 
ance, which is well shown in one of Hadfield^s illustrations. This area is 
composed of necrotic fat. As saponifi(;ation proceeds liquefaction takes place, 
and a cavity is formed containing a pool of yellow oily fluid. This pseudocyst 
is surrounded by dense tissue which represents a reaction to the fatty irritant. 
T.<ime salts combine with the liberated fatty acids, so that some degree of 
calcification is common. The cicatricial contraction, the concave surface, 
and the yellow streaks of scirrhous carcinoma are absent. 

The microscopic appearance is similar to that of fat necrosis elsewhere in 
the body. The fat cells are broken into droplets which remain attached to 
the cell envelope and stain faintly with hematoxylin. Fatty acid crystals 
may be present. The surrounding tissue shows a chronic productive inflam- 
mation, and contains large numbers of phagocytic cells filled with lipoid 
material. Foreign body giant cells form a striking feature of the lesion. 
Lymphocytic infiltration and an obliterating endarteritis complete the picture. 

Pl^ma Cell Mastitis. — This rare condition is an acute or subacute inflam- 
mation not associated with lactation but with the clinical signs of malignancy. 
It begins suddenly with pain, tenderness, diffuse swelling, and enlargement 
of the axillary lymph nodes. The acute symptoms soon subside, leaving the 
breast hard, the siin adherent, and the lymph nodes larger and firm, so that 
to mistake it for carcinoma is almost inevitable. The gross appearance is 
that of a hard diffuse mass, while microscopically there are polymorphonu- 
clears, lymphocytes and plasma cells. The latter may predominate and form 
solid masses, giving the condition its name. 

Tuberculosis. — Tuberculosis of the breast is uncommon but not rare. At 
first it takes the form of a hard mass, which is easily mistaken for carcinoma. 
Softening occurs, with the formation of large tuberculous cavities and sinuses 
opening on the surface. The microscopic picture is characteristic of tuber- 
culosis. 

Syphilis.—Syphilis of the breast is rare. There may be a primary lesion 
(chancre) of the nipple, and secondary mucous patches may occur. The 
most important lesions are the tertiary ones, for they are liable to be mistaken 
for carcinoma. There may be a localized gumma, or a diffuse inflammatory 
infiltration causing widespread induration very chronic in character, and offer- 
ing great diagnostic difficulty, for there is nothing really characteristic about 
the microscopic appearance. 

Actinoinycosis.— This is one of the rarest of breast diseases. It may involve 
the breast by extension through the chest wall from the pleura. 
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Hypertrophy.- 'Hypertrophy of tlie breasts usually comes on soon after 
puberty, but may occur during pregnancy or lactation. It is probably of 
endocrine origin, due to some abnormal action of the ovarian hormone. The 
hypertrophy involves both glandular and connective tissue, but as a rule most 
of the enlargement is due to a great increase of the connective tissue, which 
is soft and of open structure. 

Congenital Anomalies.- or congenital absence of the breast is 
usually bilateral but may be unilateral. Adhelia or absence of the nipple is 
rare. It may be associated with amastia, or the breast may be well developed. 
Polymastia or abnormal number of breasts is much more common than either 
of the preceding conditions. The “milk-line^’ extends from the axilla to the 
groin, and accessory or supernumerary breasts may occur anywhere along this 
line, the most common site being the axilla. The accessory mammary tissue 
may or may not be provided with a nipple. The mass enlarges during lactation 
and may secrete milk. Polythelia or accessory nipples are rare. They may 
occur on the breast or elsewhere along the milk-line. In the latter case they 
have underlying mammary tissue (polymastia). 
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CHAPTER XXVIII 
THE DUCTLESS GLANDS 

In this chapter the diseases of the ductless glands will be considered. 
There are no organs in the body in which it is so difficult to correlate 
c;hanges in function with changes in structure as the members of 
the endocrine system, for the reason that our knowledge of their func- 
tion is still so meager and vague. We shall therefore have to be content 
with describing the lesions found in disease and the disturbances 
produced by altered function without much attempt at correlating the 
two. The ductless glands are the chemical regulators of the body by 
virtue of the hormones {horvtao, to excite) which they produce. The 
hormones govern the pnjcesses concerned with growth, metabolism, 
and reproduction. Of special importance in pathology is the fact that 
some of the hormones control the metabolism of certain inorganic 
elements, and that upset of this control may have serious effects. 
Thus the adrenal cortex controls sodium metabolism, the thyroid 
iodine metabolism, and the parathyroids the metabolism of calcium 
and phosphorus. 

Interrelationships.— The ductless glands are members of the endo- 
crine system, but they are also “members one of another,” for at least 
some of them exert an important influence upon other members of the 
series. It W(3uld indeed be rash for a mere pathologist to venture forth 
on the uncharted sea of the cndocrines, strewn as it is with the wrecks 
of shattered hypotheses, where even the most wary mariner may 
easily- lose his way as he seeks to steer his bark amid the glandular 
temptations whose siren voices have proved the downfall of many who 
have gone before. And yet the fact that the ductless glands do form 
an interrelated system cannot be passed over in silence. The best 
example of interrelationship is the action of the anterior lobe of the 
pituitary' on the ovary. The anterior pituitary and thyroid also work 
together. Removal of the anterior pituitary interferes with the devel- 
opment of the thyroid and also prevents the normal thyroid hyper- 
l)lasia which folkJws removal of part of that gland, while pituitary 
implants restore this power. 

If one ductless gland influences another it may be either in the 
direction of stimulation or inhibition. If this influence becomes exag- 
gerated, the resulting effect will be of a mixed type due to excess or 
deficiency in the internal secretion of two members of the series. In 
this wa,\" the so-called polyglandular syndromes may arise. 

The relation of the anterior lobe of the pituitary to the ovary has 
already been discussed in connection with gynecological pathology, 
and will be referred to again later in this chapter. It affords an example 

( 761 ) 
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of a physiological relationship under normal conditions (action of 
anterior pituitary on ovary) and of a pathological relationship (Froh- 
lich’s syndrome or failure of sexual development in pituitary disease). 
The adrenal cortex evidently has a markal influence on the gonads, 
because tumors of the adrenal cortex are associated with premature 
sexual development in boys and virilism in the female. The adrenal 
seems to be concerned with the male side of development and the 
pituitary with the female side. It appears that with respect to endo- 
crine organization the female is essentially a hermaphrodite in whom 
the masculine component is never extinguished but merely quiescent. 
For this reason virilism in the female is always more striking than 
femininity in the male. 
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THE ADRENALS 

Descriptive Outline. —The right adrenal is triangular like a cocked hat, 
the left is crescentic. The weight is 5 to 6 grams. The cut surface shows 
cortex and medulla. The cortex is much more abundant; indeed in many 
sections no medulla can be seen. The outer part of the cortex is light yellow 
owing to the abundant lipoids it contains, the inner part (zona reticularis) is 
dark brown and often shows softening or cavitation at autopsy. A very 
common error is to mistake this inner layer for the medulla, especially when 
there happens to be no medulla in the slice inspected. The medullary tissue 
is white or gray, and may sometimes be seen adhering to the wall of a cavity 
in the zona reticularis. It is stained brown by immersion in a solution of a 
chrome salt (chromaffin reaction). 

General Considerations.— The adrenal is two organs in one, for the 
cortex and medulla are different in origin, structure and function, 
and in the lower animals they remain separate, 'l^'he cortex is meso- 
dermal in origin, arising from the Wolffian ridge in conjunction with 
the sex glands, but becoming separated from the latter by their descent 
into the pelvis. The cortex exercises an important influence on the 
development of the sex glands, for cortical tumors cause a marked 
increase in masculine features (virilism) in both sexes, and pseudo- 
hermaphroditism in the female (female gonads associated with male 
external genitalia) is commonly associated with enlargement of the 
adrenals due to cortical hyperplasia. Accessory cortical tissue is 
common at birth, but it soon atrophies and disappears. Occasionally 
it may persist into adult life as small bright yellow nodules which 
are found under the capsule of the liver and in the line of descent of 
the sex glands, i. e., in the kidney, along the line of the spermatic 
vein, in the broad ligament, testicle, and ovary. The yellow color of 
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the cortex is due to the large amount of lipoid (cholesterol ester) which 
it contains. This is increased during pregnancy and lactation. There 
is marked disappearance of the lipoid in acute infections, and to a 
lesser degree in anemia and severe hemorrhage. 

The medulla is ectodermal in origin, arising from the neural crest 
together with the anlage of the sympathetic nerve cells. It forms 
part of the chromaffin system, staining brown with chrome salts 
(potassium bichromate), together with the abdominal sympathetic, 
the carotid body, and the organ of Zuckerkandl (a small body at the 
bifurcation of the aorta in children). 

The development of the adrenal glands presents some singular features. In 
fetal life the adrenal is almost all cortex, and at the third month it is actually 
larger than the kidney. The fetal cortex is different from the cortex after birth 
(usually called adult cortex), for it contains no lipoid and is arranged in sheets 
instead of columns. At birth there is a thin layer of cortex of the adult type 
and a very thin core of medulla. The weight compared with the kidney is 
about 1 to 3.5. In the adult it is 1 to 30. Immediately after birth a strange 
change takes place. The entire fetal cortex rapidly degenerates, and is slowly 
replaced by adult cortex and medulla, but it is not until the twelfth year that 
the original size of the adrenal gland at birth is regained. The cortex is not 
entirely of the adult type until the end of the first year. Massive hemorrhage 
may occur into the degenerating cortex at birth, and as the hemorrhage is 
often bilateral it may prove fatal to the child. It is possible that the cortical 
necrosis and perhaps also the hemorrhage are due to sudden withdrawal of 
the female sex hormone with which the fetal tissues have been bathed during 
pregnancy, just as the endometrial necrosis and hemorrhage of menstruation 
are caused by sudden withdrawal of the corpus luteum hormone. In the anen- 
cep/mlic fetus the fetal cortex is absent, so that the adrenals are very atrophic. 
This maldevelopment of the adrenals is probably the result of interference with 
the development of the pituitary, for in anencephalic monsters the posterior 
lobe of the pituitary is often missing (Angevine). 

The physiology of the adrenal glands must be of the greatest importance, 
but our knowledge of the subject is amazingly limited, what little we know 
coming from pathological observations rather than from physiological experi- 
ment. The most important and certain fact is that removal or destruction of 
both adrenals is invariably followed by death. It is the loss of the cortex, not 
the medulla, which proves fatal and cortical extract can p^^serve the life of 
adrenalcctomized animals indefinitely. Cortin is the extract made from the 
adrenal cortex; desoxycorticosterone is a synthetic product with an identical 
hormonal action. The cortex controls sexual development. About the six- 
teenth week of development a layer in the fetal cortex stains red with fuchsin 
in the Mallory connective-tissue stain. This has been called the androgenic or 
masculinizing layer, because fuchsin-staining cells are associated with virilism 
(Vines). Virilism in women may have its basis in the pituitary, the adrenal or 
the ovary. The essential pituitary change is a peculiar hyaline degeneration of 
the basophils of the anterior pituitary; normally these cells seem to inhibit 
activity of the androgenic cells which already exist in the ovary, an organ that 
is bisexual. Virilism may be caused by increase in the number and activity of 
the fuchsinophil cells in the adrenal cortex. Finally it may be due to an 
ovarian arrhenoblastoma. For further information regarding the adrenal 
cortex and intersexuality the monograph by Broster and Vines should be 
consulted. Hypofunction of the cortex is associated with the appearance of 
Addison's disease. A function of supreme importance is the control of the 
permeability of membranes, and in consequence the distribution of the inor- 
ganic ions, sodium, potassium and chloride, and also of water. There is 
48 
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invariably a disturbance of this function in adrenalectomized animals and in 
Addison^s disease. It would appear also that the adrenal cortex produces 
substances which are necessary for recovery from the effects of harmful physical 
and chemical stimuli and from a state of shock. 

The medullary secretion is not essential to life. This is natural, seeing 
that the rest of the abdominal chromafTin tissue can probably take on the 
function of the medulla. Most of the experimental work has been done on the 
medulla, because a powerful extract (adrenalin, epinephrin) was early obtained 
from this part of the gland. This stimulates all structures innervated by the 
sympathetic nervous system, the action taking place at the myoneural junction. 
According to Cannon's emergency theory, the medullary secretion is needed 
for adjusting and reinforcing the bodily mechanisms in times of demand such 
as anger, combat and flight when arterial contraction and the immediate con- 
version of glycogen into fuel are needed, but it has little to do ifi normal times 
of quiet. It hardly seems reasonable to suppose that this is the sole function of 
the medulla. 


ADRENAL INSUFFICIENCY. ADDISON’S DISEASE 

This disease is of great histori(*al interest, because Addison’s demon- 
stration that the syndrome of progressive weakness, pigmentiition of 
the skin, and gas tro-intesti rial disturbance was due to lesions of the 
adrenals was the first indication that constitutional disease could be 
caused by lesions of a ductless gland, and thus formed the starting- 
point of the entire subject of eiulocrinology. 

Symptoms.— The characteristic asthenia is gradual in onset, the heart’s 
action is feeble, the blood-pressure remarkably low. The gastro-intcstinal 
symptoms are nausea, vomiting, and attacks of diarrhea. The pigmentation, 
which ranges from light yellow to deep brown, is most marked on exposed 
parts and in regions where normal pigmentation is well marked (areola of 
nipples, genitals, etc.). The mucous membranes of the mouth and vagina 
are often pigmented. When the patient is put on a chloride-free diet and given 
potassium there is a large excretion of chlorides in the urine, wluncas in a 
normal person under similar conditions it is quite small. Although the dr)wn- 
ward course is generally gi’adual, there may be remissions and exacerbations. 
The latter are known as crises, and are marked by extreme arterial hypotension, 
decrease in the blood volume, gastro-intestinal symptoms, and shock, som(v 
times terminating in sudden death. Hypoglycemia is apt to develop, and 
death may be due to hypoglycemic shock. An important function of the 
adrenal cortex is regulation of the water and sodium chloride balance, so that 
in Addison’s disease loss of sodium and chlorides and water is a striking feature, 
and many of the symptoms are relieved by the adrrunistration of salt. Esti- 
mation of chloride excretion in the urine is a valuable test. There is nd.ention 
of potassium in the blood, probably due to a change in the permeability of cell 
membranes and consecpient disturl>ance of potassium e.xchange. The blood 
urea is frequently increased, due apparently to failure in renal function caused 
by fall in glomerular filtration pressure. 

Lesions.— The lesions of the adrenals (always bilateral) may be of 
three varieties: tuberculosis, atrophy, and secondary tumors. (1) Of 
these tuberculosis is by far the most common. (Fig. 377.) It is of the 
chronic fibrocaseous type. The patient seldom shows clinical evidence 
of tuberculosis, and it may be difficult to find the primary lesion whi(ih 
is the cause of the infection. Both cortex and medulla are destroyed, 
but a small portion of cortex always remains, otherwise life could not 
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have been supported. The disease is confined to the adrenals and the 
kidneys are not involved, nor does renal tuberculosis spread to the 
adrenals and cause Addison’s disease. (2) Siviple atrophy (so-called) 
IS a necrosis of the adrenals rather than an atrophy, although all trace 
of the active process may have been lost. It is apparently very much 
commoner than it used to be. Duffin found necrosis to be the causal 
factor in 41 per cent of the cases studied in my department. Many 
of these patients (male) have scanty hair on the face and body, a 
feature which makes it possible to prophesy that necrotic atrophy 
will be found in such cases. The adrenal glands arc very small, and 




Fig. 377.-— Addison’s disease. Enlargement of Fig. 378.— Atrophy (necrosis) of the ad- 
tiie adrenal the result of caseous tuberculosis. renal cortex. X 250. 


usually show marked lymphocytic infiltration. (Fig. 378.) In some 
cases ()nly the cortex is affected by the atrophy, the medulla remaining 
intact. Wells, comparing this necrosis with the acute yellow atroi)hy 
of the liver produced by dnehophen and the selective destruction of 
marrow elements by aminopyrin, etc., resulting in agranulocytosis, 
suggests that the adrenal atrophy may be due to one of the newer 
drugs in those who have an idiosyncrasy for it. (3) Bilateral^ tumor 
formation is a rare cause. The tumor is usually a secondary carcinoma. 
In rare cases primary carcinoma of the cortex on both sides has given 
rise to the picture of Addison’s disease. An apparently constant change 
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is extreme reduction in the number of basophil cells in the anterior 
pituitary (Crooke and Kussell). 

The Relation of Symptoms to Lesions. — On account of our ignorance regard- 
ing the normal physiology of the adrenal cortex and medulla, it is impossible 
to suggest a reasonable correlation between the symptoms of the disease and 
the lesions in the adrenal glands. The low blood-pressure and muscular 
asthenia are probably due to deficiency of cortex rather than medulla as used 
to be thought, for the administration of adrenalin is without marked benefit, 
whereas Swingle's cortical extract may bring the blood-pressure back to nor- 
mal and restore the muscular power. The sodium concentration of the blood 
is decreased owing to increased sodium excretion, which in turn is due to 
destruction of cortical tissue. This diagnostic change in the sodium level is 
most marked when salt is withheld, but such withdrawal may precipitate 
dangerous adrenal crises. The administration of salt will often alleviate acute 
adrenal insufficiency. The cause of the gastro-intestinal disturbances is quite 
obscure. The question of the pigmentation in Addison's disease has already 
been discussed in Chapter II. The pigment is melanin, and is found principally 
in the basal cells of the epidermis. The pigmentation is therefore a form of 
melanosis. Melanin is normally formed in certain epithelial cells named 
melanoblasts as the result of an interaction between a specific ferment in these 
cells and a colorless chromogenic mother substance, melanogen, which the cells 
take up from the blood. Adrenalin seems to be formed from melanogen by the 
cells of the adrenal medulla. It is possible that when the adrenal is no longer 
able to utilize the melanogen, this substance accumulates in the epithelial cells 
of the skin and mucous membranes, and is there converted by the specific 
ferment into melanin, with pigmentation as a result. This is merely a guess, 
but so far no better one has been suggested. 

Acute Adrenal Insufficiency. —Destruction of both adrenal glands may give 
rise to a fatal insufliciency which is acute instead of chronic in type. The 
clinical picture may be of an acute abdominal type, with severe epigastric pain, 
vomiting and shock; of a cerebral type with convulsions and coma; or of an 
asthenic type which ends fatally in a few' days. In most cases the lesion is a 
hemorrhage or thrombosis w'hich quickly destroys both the glands. In others 
the lesion may be chronic, e. g,y tuberculosis. No explanation can be given of 
the acute picture in such cases. It is probable that if the sodium concentration 
of the blood were to be measured it would be found to be markedly decreased. 

TUMORS OF THE ADRENAL GLAND 

Adrenal tumors are rare in comparison wdth the relatively common 
hypernephroma of the kidney. Although the cortex is of mesoblastic 
origin, its cells are epithelial in type, so that the cortical tumors arc 
adenoma or carcinoma. The medulla is composed of nerve cells and 
belongs to the chromaffin system, so that a medullary tumor may be 
a neuroblastoma, ganglioneuroma, or chromaffinoma. 

Cortical Tumors. —Adenoma. -Small hyperplastic nodules about the 
size of a pea composed of normal adrenal cortex are quite common. 
They do not deserve the name of adenoma. Larger masses of typical or 
atypical structure form more definite tumors. They are quite rare. 
The tumor cells are occasionally filled with yellow pigment similar to 
that seen in chromaffin cells, thus producing a sharp contrast between 
the neoplasm and the surrounding cortical cells. 

Carcinoma.— This uncommon tumor resembles the hypernephroma of 
the kidney in its gross appearance. It is yellow in color, often hemor- 
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rha^c, and may attain a large size. (Fig. 379.) Not infrequently it 
IS bilateral. The microscopic picture varies in its degree of differentia- 
Some cases are distinguished with difficulty from an adenoma, 
the acini and columns of the cortex being fairly well reproduced; 
although appearing rather benign, they may be quite malignant 
clinically. Others may be called malignant adenoma; a suggestion of 
acinar grouping still remains, and the cells are large and contain lipoid, 
but the arrangement is quite atypical and the picture evidenjtly car- 
cinomatous. Oiant cells may form a marked feature. In a third 
group the structure is anaplastic, consisting of solid cords of small 
dark cells. Sometimes sarcomatous characters are evident in adrenal 
carcinoma, the cells being fusiform and arranged diffusely. Such a 
picture recalls the fact that 
the cortex is mesoblastic in 
origin. Some workers 
(Broster and Vines, (roor- 
maghtigh) state that the 
masculinizing tumors pre- 
sent cells containing fuch- 
sinophil granules similar to 
fuchsinophil cells in the so- 
called androgenic juxtamed- 
ullary zone of the cortex 
which is large at birth but 
small in adults. An excel- 
lent colored illustration of 
fuchsinophil cells will be 
found in Karsner’s Human 
Pathology. 

The tumor ma\' spread 
widely. The adrenal dis- 
appears and the kidney may 
be involved, so that diffi- 
cult\' may arise in distin- 
guishing the tumor from a 
hypernephroma. This can 
be done by remembering 
that in the latter condition 
the adrenal is usually intact. 

The adrenal and renal \eins are invaded, and the tumor ma>" grow 
along the renal vein into the vena cava. The opposite adrenal is 
often affected, and metastases are common in the retroperitoneal, 
mesenteric and mediastinal lymph nodes, and in the liver, lungs, 
brain, and other organs. The bones are seldom involved; in this 
respect the tumor differs markedly from hypernephroma. 

The sytuptovis throw light on the funetion of the adrenal cortex. 
In children the tumor is five times commoner in girls than boys (Hlynn), 
but in adults it is equally common in both sexes. Ihe affect of the 



Fig. 379. — Carcinoma of the adrenal. The 
tumor is entirely confined to the adrenal, and 
has not invaded the kidney. 
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tumor in children is to produce precocious development of the sexual 
organs with an intensification of maleness, a condition known as 
adrenogenital syndrmue. In girls there is a development of both primary 
and secondary male characters. The clitoris becomes enlarged, and hair 
appears on the face and body, a condition known as hirsuties. In 
b(^ys there is marked premature development of the sex organs, which 
is frequently associated with impotence. In women the sex organs 
atrophy, amenorrhea and obesity develop, the voice is deep, and there 
is marked growth of hair on the face and upper lip. The clinical symp- 
toms have been collected into two groups, the Cushing syndrome and 
the adrenogenital syndrome. The Cushing syndrome^ similar to that 
produced by basophilic adenoma of the pituitary, is characterized by 
muscular weakness, hirsutism, amenorrhea or impotence, atrophy of 
skin and osteoporosis, occasional hypertension, and diabetes without 
response to insulin. There is nearly always a characteristic hyaline 
change in the basophilic cells of the pituitary, the granules of which 
disappear (Crooke). The adrenogenital syndrome shows hirsutism, 
virilism, increased muscularity, but seldom diabetes. Adult males show 
no sexual change, except in rare cases where the tumor produces a 
feminizing change. In these instances the urine contains estrogenic 
material. Hypertension is oftc^p present, and may be paroxysmal in 
type. In a young woman with a large adrenal cortical tumor and 
persistent hypertension I found marked nephrosclerosis with the usual 
arterial changes. If the adrenal tumor can be removed, all evidence 
of virilism may disappear and the blood-pressure may fall to normal. 
It is evident that one form of arterial hypertension can lie caused by 
overactivity of the adrenal cortex. 

Adrenal cortical tumor is one of the few conditions other than 
pregnancy in which an easily detectable abnormality can be found in 
the hormonal activity of the urine. A good index of androgenic 
activity of the urine is afforded by a color reaction, which is given 
by 17-ketosteroid compounds (steroids with a ketone group on the 17th 
carbon atom), among which are androsterone and dehydroandrosteronc 
which form the main androgenic constituents of the urine. The test 
is referred to as the 17-ketosteroid test. The normal figure is from 
10 to 20 mg. per twenty-four hours in the male and 5 to 15 mg. in 
the female. In cases of adrenal cortical tumor the figure is usually over 
200 mg. in tw^enty-four hours. It may be noted by way of contrast 
that in Addison’s disease the 17-kctostcroid excretion falls practically 
to zero. These facts suggest that the adrenal cortex may be the chief 
source of androgenic material in the urine. 

Medullary Tumors.— The primitive sympatlu^tic luMjroblasts whkdi 
form the aniage of the adrenal medulla develop either into nerve- 
ganglion cells or into chromaffin cells (pheochromocy tes) . Three 
types of tumor may thus arise from the medulla: (1) the neuroblas- 
toma, from the primitive neuroblasts; (2) the gaiiglioneuroma, from 
the mature ganglion cells; (H) the chrorriaffmomu or phcochrornocy- 
toma (pliaios, dark), from the chromaffin cells. The first is much the 



TUMORS OF THE ADRENAL GLAND 


759 


commonest (although itself rare), and being primitive in type is highly 
malignant. Ihe other two arise from adult cells and are innocent. 

Neuroblastoma.— The tumor is confined to children, usually under 
four years of age. It is soft and may grow to a great size. Often it is 
bilateral. Occasionally it does not arise from the adrenal, but from 
sympathetic nerve tissue in the abdomen or thorax. The microscopic 
picture resembles that of a sarcoma, and formerly this tumor use<l to 
be called “adrenal sarcoma of children.” Most of the so-called retro- 
peritoneal round-cell sarcomas of infants are of this character, arising 
from the abdominal sympathetic ganglia. The tumor consists of 
undifferentiated small round cells (neuroblasts), a few imperfect 
ganglion cells, and fibrils. The fibrils form the distinctive feature, for 
the>- are nerve fibrils and are arranged either in longitudinal bundles 
or in little rounded masses around which the cells are grouped in a 
“rosette” form. (Fig. 380.) These rosettes are highly characteristic 
of the tumor, but sometimes they are found with difficulty. 



380. — Neuroblastoma showing rosettes. X 400. 


Spread of the tumor often gives rise to the formation of remarkable 
metastases in the skull, particularly in the orbit, so that the first sign 
of the disease may be the appearance of a hemorrhagic area in the 
neighborhood of the eye, followed later by protrusion of ^ the eyeball 
(proptosis). When proptosis develops in a young child it is well to 
examine the abdomen. Other bones besides the skull may also be 
involved. This picture is referred to as the Hutchinson type. It seems 
likely that spread to the skull takes place by the vertebral system ol 
veins (page 258). In other cases there is a great and uniform enlarge- 
ment of the liver due to diffuse infiltration with liver cells. The mesen- 
teric nodes are involved. This is spoken of as the Pepper tj^e. It is 
natural that tumor cells should spread more readily to the liver from 
the right than from the left adrenal, but there is little justification for 
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the common statement that the Hutchinson type indicates a left 
adrenal tumor, the Pepper type a tumor in the right adrenal. 

Although neuroblastoma is so malignant a tumor, not all cases 
are progressively fatal. Incredible though it may sound, recovery 
may take place either spontaneously or following radiation (Farber). 
In one case at the Toronto Sick Children’s Hospital part of the tumor 
was removed but the remainder had to be left in the abdomen, yet 
the child made an uninterrupted recovery, and was alive and well four 
years later. 

Ganglioneuroma.— This rare form of innocent tumor occurs both in children 
and adults, and is found in the brain and abdomina! sympathetic as well as 
in the adrenal medulla. It is composed of adult ganglion nerve cells, spherical 
or pyramidal, and nerve fibers wMch may be meduUated or non-medullated. 



Fig. 381 . — Phcochromocytoma. The large ragged cells resemble those of adrenal 

medulla. X 320. 

Pheochromocytoma (Pheno, dark).— This rare tumor is also known as 
chromaffmoma and paraganglioma. It is usually innocent, small, well en- 
capsulated, and may be found by accident at autopsy in elderly persons. 
Several cases which I have studied have presented a characteristic cystic 
degeneration. The tumor may be brown in color. About 20 per cent of the 
cases are said to be bilateral, and these are usually malignant. Occasionally 
it may attain a great size, as in one case reported by Soffer and his associates 
where the tumor weighed 2000 grams. The most interesting clinical feature is 
the frequent occurrence of arterial hypertension, usually paroxysmal in type, 
for the tumor contains a large amount of adrenalin, often much inore than the 
normal adrenal, and a pressor substance can be demonstrated in the blood. 
During the attacks the systolic blood-pressure may rise to 250 or even 300 mm. 
of mercury, and an accompanying hypoglycemia may lead to shock. The 
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attack may last for minutes or hours, and if prolonged it may prove fatal. 
The tumor may be demonstrated radiographically by perirenal insufflation or 
by depression of the renal pelvis in a pyelogram. As the result of an attack 
the patient may pass into a state of shock, which may prove fatal. These 
tumors are found in other parts of the chromaffin system, such as the carotid 
body, the abdominal paraganglia and the organ of Zuckcrkandl at the bifurca- 
tion of the aorta. It is best to use the name chromaffinoma for the whole 
group, pheochromocytoma for the adrenal tumors, and paraganglioma for the 
extra-adrenal tumors. The tumor is composed of large epithelium-like cells 
(Fig. 381) which are often pigmented and may stain brown when fixed in 
chrome salts. In a number of cases there has been an associated neurofibro- 
matosis. 

Secondary tumors are quite common in bronchogenic carcinoma and 
are frequently bilateral; much less often they are due to cancer of 
the breast and other organs. They are usually in the mcdullar;\' por- 
tion. Bilateral tumors may in rare instances cause Addison’s disease. 


DEGENERATIONS OF THE ADRENAL GLANDS 

Postmortem change in the adrenal glands is extremely common, 
and must not be mistaken for evidence of disease. The inner layer 
of the cortex softens, and is converted into a brown mush, so that 
only a rind of cortex is left. Focal necrosis of the cortex may l)e 
caused by infections and intoxications, and hemorrhage is common 
in diphtheria. Massive hemorrhage is rather frequent in the new- 
born, and when bilateral it may be a cause of death. The hemorrhage 
follows the necrosis of the inner layer of the cortex which always 
occurs at birth, possibly as the result of the sudden withdrawal of the 
female sex hormone. Fatal massive hemorrhage is not confined to 
this age. It is apt to occur in meningococcal septicemia, and the 
combination with this infection and massive bilateral adrenal hemor- 
rhage is known as the Waterhouse-Friderwhsen syndrome. The cortical 
lipoid disappears quickly in acute infections, more slowh’ in chronic 
infections and anemia, and is increased in arteriosclerosis, chronic 
nephritis, and nephrosclerosis. Amyloid degeneration affects the 
adrenal at the same time as the liver, spleen, and kidney, with enlarge- 
ment and hardening of the gland. 
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THE THYROID GLAND 

General Considerations. The thyroid gland is one of the most labile organs 
in the body. It is continually being played upon by various influences 
(endocrine, etc.), and responding to the varying demands of thyroxin. On 
thi.s account the structure is not fixed, any more than the structure of the breast 
or endometrium is fixed. Physiological variations as c\ddenccd by a certain 
amount of hyperplasia and involution are common in autopsy specimens, 
although in some cases no doubt they are terminal. Such compensatory hyper- 
plasia is not necessaril 3 ^ associated with any sjunptoms of hyperthyroidism. 
The pathological thj^roid gland differs from the normal in degree rather than 
in kind of change, and it is often extremely hard to draw a line between the two. 
It may well be that under normal conditions the acini of the thyroid are in 
various phases of function, which may be called the resting, secretory and 
resorptive i)hascs (Halpert). In the resting phase the acini are largo, lined by 
flattened cells, and filled with deeply stained homogeneous colloid. This is 
the picture in colloid goiter and in the gland of hyperthyroidism treated with 
a solution of iodine. In the secretory phase the acini are lined by (aiboidal 
epithelium and the colloid is stained moderately darkly. This is the picture 
seen in the normal thyroid. In the resorptive phase the acini are lined by 
columnar epithelium, and contain lightly stained, vacuolated and sciallopcd 
colloid. This is the picture seen in hyperthyroidism and in patients treated 
with thiouracil. The normal thyroid gland in non-goitrous districts weighs 
from 25 to 35 grams, but it weighs more in women than in men, more in the 
summer than the winter, more during pregnancy and lactation, and more in 
goitrous districts even though it may appear to be quite normal. 

The chief function of the thyroid gland is to maintain a higher rate of metab- 
olism, as evidenced by heat production, than would otherwise be possible, 
and to regulate this rate according to the needs of the body. This is done by 
means of its iodine-containing hormone, thyroxin. The physiological effect 
of feeding thyroid gland is to raise the rate of metabolism. Removal of the 
thjToid gland is followed not only by a loss of heat production, but in the grow- 
ing animal by poor physical, mental and sexual development. The thyroid 
gland has a remarkable affinity for iodine, and is the only organ in the body 
which has the power of storing that element. The iodine content of a dog’s 
thyroid can be increased several hundred per cent in the space of five minutes 
by the intravenous injection of 50 mg. of potassium iodide. The rapidly 
stored iodine is at first inactive, but gradually becomes converted into an active 
form. The active principle of the gland contains 05 per cent of iodine. Ap- 
parently the iodine is converted V)y the epithelium of the acini into thyroxin. 
Some of this passes into the circulation in res^mnse to the demand of the tissues. 
The rest is stored in the form of colloid within the acini, where it constitutes an 
emergency ration which can be used when the need arises. The normal iodine 
content of the gland is about 0.2 per cent. If it falls below 0.1 per cent morpho- 
logical changes at once become apparent in the acinar epithelium, and the 
gland becomes enlarged in consequence. This fall may be due to an increased 
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demand on the part of the tissues for thyroxin, or to an inadequate supply 
of iodine to the gland. The morphological changes are hypertrophy and hyper- 
[)lasia of the acinar epithelium together with an increased vascularity. As a 
result of this cellular activity the emergency ration in the colloid is made use 
of and depicted, and the demand of the tissues for thyroxin is met. If this 
demand is moderate the hypertrophy may be regarded as pliysiological ; when 
it is excessive or long-continued the response of the thyroid becomes patho- 
logical. When the iodine supply is insufficient the epithelial activity is an 
indication that the gland is engaged in the attempt to make bricks without 
sufficient straw, and if the strain is not too great the attempt may be suc'cessful. 
The administration of iodine, even in minute doses, soon relieves the strain, 
and the epithelial activity subsides, while the iodine-containing colloid collects 
once again within the acini. The i)roccss is known as involution. 

In dogs and in other experimental animals the process of hyperplasia is 
diffuse, so that there is a uniform enlargement of the the entire gland. In 
man, on the other hand, it tends to be patchy and localized, with the result 
that nodules tend to be formed. These are known as adenomas, although in 
the great majority of cases they are not true tumors, so that the name is mis- 
leading. Some of those nodules or adenomas respond to iodine treatment like 
the rest of the gland, but others may not. 

An intimate relationship exists between the thyroid and the anterior 
])ituitary, a mechanism which has been called the pituitary-thyroid axis. The 
thyrotropic hormone of the pituitary is the most powerful known stimulant 
of thyroid activity. In the experimental annual it causes extreme enlargement 
of the gland, great epithelial hyperplasia, and corresponding elevation of the 
basal metabolic rate. The pituitary itself is under the influence of nervous 
stimuli from the hypothalamus, the controlling center of emotional activity. 
It is evident that emotional disturbance may be expected to play a part in 
thyroid hyperactivity. The thyrotropic hormone is also responsible for the 
e.xophthalmos which accompanies Graves’ disease. Here the action appears 
to be through the cervical sympathetic on the orbital tissues. There is a two- 
way traffic on the pituitary-thyroid axis, the thyroid hormone inhibiting the 
pr()duction of the thyrotropic hormone, so that in health a balance is main- 
tained. 

Gertain sulphur-containing substances cause a curious dissociation of the 
usually associated thyroid hyperplasia and increased basal metabolic rate, 
stimulating the former and depressing the latter. Chief amongst these are 
the sulphonamide drugs and sulphur-containing thiourea and its non-toxic 
derivative thiouracil. They appear to prevent the synthesis of thyroxin at a 
normal rate, the accompanying thyroid hyperplasia being an attempt to com- 
j>cnsate for this defect. Iodine, on the other hand, when given to control the 
thyrotoxicosis of Graves’ disease, ap])ears to push the finished product into the 
warehouse (thyroid follicles), and thus prevent free distribution of thyroxin 
to the body. The two groups of agents thus act at different points of the 
hormone assembly line (Cleans). 

Goiter.— This is an indofinite term applied to enlargement of the 
th.vn)id. From what has been said it is evklent that theoretically this 
oniargeinent might be evidence: (1) of a primary hyperplasia; (2) of 
a compensatory hyperplasia to meet increased demands of the tissues 
for hormone; and (3) of increased storage of colloid. 

There is no satisfactory classification of goiter. It is usual to recognize 
three main types: diffuse colloid goiter, exophthalmic goiter (Graves’ 
disease), and nodular or adenomatous goiter. It will be noticed that 
the first type is named from a microscopic feature, the second from 
a leading symptom (which may be absent), and the third from the 
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gross appearance. This is hardly a satisfying or scientific basis, but 
it is the best we have. The clinicians speak of diffuse non-toxic and 
toxic goiter and adenomatous non-toxic and toxic goiter. This is 
quite justifiable, but the pathologist is unable to relate these terms to 
morphological changes in the thyroid. The terms toxic and thyro- 
toxicosis indicate a clinical picture similar to that produced by over- 
dosage with thyroid extract. Whether or not the three main forms of 
goiter are separate entities is a matter of dispute. While it is true that 
extreme examples differ enormously from one another, yet intermediate 
tvpes will be found to bridge the gaps, clinical as well as pathological. 
In spite of this it is possible that different etiological agents are opera- 
tive in the different forms. 

The geographic pathology of goiter varies greatly (TIellwig). This 
serves to explain the conflicting accounts which are found in the 
wTitings of observers in different parts of the world. The goiter of 
North America, for instance, is very different from that of the Hima- 
layas and the Alpine districts of Switzerland. In the former the com- 
inon variety is the diffuse and nodular colloid goiter with large acini 
distended with colloid (macrofollicular type), whilst in the latter 
parenchymatous goiter is the usual form characterized by small fol- 
licles poor or lacking in colloid (microfollicular type). Thyrotoxic 
symptoms are commoner in North America than in any other country. 
Thus in Berne, Switzerland, 3 per cent of goiters are associated with 
thyrotoxicosis, whereas in Portland, Oregon, 67 per cent fall in the 
toxic group. In mountainous countries the microfollicular non-toxic 
t\'i)e is prevalent; in level countries the macrofollicular, often asso- 
ciated with toxic symptoms, is common. 


DIFFUSE COLLOID GOITER 

This tjqie of goiter includes those varieties known as simple goiter, 
endemie goiter and sidolesccnt goiter, although these various terms 
are by no means synonymous. It is the most physiological form of 
thyroid disease, for it commences as a compensatory or work hyper- 
trophy, but physiological limits in the thyroid are easily transgressed, 
and when the gland has met the demand of the tissues it may be 
unable to return to its former size. 

The main causal factor in endemic goiter is an insufficient supply of 
iodine to the thyroid, which in consequence develops a work hyper- 
plasia followed later by involution. The soil of high countries is 
denuded of iodine, so that the drinking water is poor in that element. 
In the endemic region of North America, particularly the region of 
the (Jreat Lakes and the valley of the St. I.«,wrence, the soil is iodine- 
poor, having been deposited from the melting of the ice of the last 
glacial epoch. Animals as well as men living in endemic regions suffer 
from simple goiter. This type of goiter is a deficiency disease due to 
lack of iodine. McCarrison believes that bacterial infection of water 
plays an important part in pathogenesis. The bacteria may absorb 
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the iodine before it can be taken up by the thyroid and produce simple 
goiter in this way rather than by a direct toxic action on the gland. 

It is not suggested that all simple goiter is caused by a lack of iodine 
in the water and food, for it would be difficult to explain the sporadic 
cases on this basis. Infections and intoxications may play a part by 
deviating the iodine from the thyroid or by increasing the need of the 
body for thyroxin. A high fat diet, as McCarrisoii has shown, may 
quickly exhaust the iodine store of the thyroid. But it will be noticed 
that though we start out by devious routes, w^e always return in the 
end to the question of iodine shortage. 

Simple colloid goiter is much commoner in women than in men. 
It commonly appears in girls at the time of puberty or soon after. It 
tends to disappear after a few years, so that the usual age period is 
from fifteen to twenty-five years. In endemic regions the condition 
tends to appear earlier and last longer. It may be due to a relative 
rather than Jin absolute lack of iodine. There may be enough iodine in 
the food and water for ordinary purposes, but not for the increased 
demand for thyroxin at adolescence and puberty. Similar enlarge- 
ment may occur during pregnancy and lactation and for a similar 
reason. Such goiter responds remarkably to the administration of 
iodine when in the hyperplastic stage. 



Fig. 382.— Colloid goiter. Tho acini vary much in size, some being widely dilated. The 
colloid is abundant and stains deeply. The epithelium is flattened. X 75. 


Lesions.— It is very seldom that one has the opportunity to study 
the goiter of adolescenee during the hyperplastie stage, for it should 
never be removed surgically. When the gland is removed m the 
involutionary or colloid stage, as may have to be done on account ot 
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its increasing size, it is found to be uniformly and diffusely enlarged 
and of soft consistence. The cut surface is amber in color, and presents 
a finely honey-combed translucent appearance, owing to the distended 
acini being filled with colloid. 

The microscopic appearance may resemble that of normal thyroid 
tissue, but there is greater irregularity. Many acini are greatly 
enlarged. Some are of normal size and some are smaller than normal. 
All arc filled with densely stained colloid of a high iodine content. 
(Fig. 382.) The epithelium is low, and in the larger acini it may be 
flattened. A few small islands of hyperplasia may still be present, and 
evidence of former hyperplasia is apparent in the form of withered 
spurs which still project here and there from the acinar walls, '^fhe 
^ ascularity is not increased. The stroma may be increased in places, 
and fibrous bands may intersect the gland, accentuating the normal 
tendency which the thyroid shows toward lobulation. 

In North America the term simple goiter is synonymous with 
difluse colloid goiter. In the great endemic mountain regions of the 
Alps and the Himalayas it is parenchymatous goiter. This is diffuse 
enlargement of the thyroid marked by great numbers of small closely 
packed acini lined by cubical epithelium and lacking in colloid. This 
is similar to the so-called fetal adenoma of North Aineri(!a. 

NODULAR OR ADENOMATOUS GOITER 

As the years pass a goiter tends to bt^comc nodular. The nodular 
formations are commonly known as adenomas. The term is unfor- 
tunate, because in the majority of cases these tumors are not tnu" 
neoplasms, but it is in such common use that it will be employed 
here. In man (as opposed to the lower animals) hyj)crplastic changes 
tend to be rather patchy, so that an^as become localized which are 
demarcated still further by the fibrous septa of the gland and eventu- 
ally they may become encapsulated like true tumors. During th(' 
hyperplastic stage the general swtdling of the gland obscures the 
nodules, but when this subsides as the result of involution the nodules 
become apparent. '^Fhey may not be detected clinically, but the cut 
surface shows tln'in up at once. 'Die number increases rapidly with 
age, so it is natural that a nodular thyroid causing toxic symptoms 
(so-callcd toxic adenoma) should occur at a later age than a tliffust* 
toxic goiter (firaves’ disease). Two types of lesion occur, called 
colloid adenoma and fetal adenoma. There is differences of opinion as 
to whether these should hv re'gardcd as difl*ert‘nt entities. The argu- 
ments for and against may be read in Joll’s admirable monograph. 

Colloid Adenoma, or more properly colloid nodular goiter, is the 
commonest type of goiter demanding surgical treatment in North 
America. The nodule may be single, but more often it is multiple. 
(Fig. 383.) Large numbers of small nodules may be scattered through 
a difl'usely enlarged gland, a condition known as adenomatosis. More 
often one or more nodules eidarge and deform the outline of the gland, 
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SO that lumps can he detected clinically. The larger nodules are well 
encapsulated by fibrous tissue. The cut surface is identical in appear- 
ance with the surrounding gland; this is natural, as it is merely a 
part which happens to be separated off by fibrous septa. Degenerative 
changes, such as softening, cyst formation, and hemorrhage are of 
common occurrence. When a thyroid nodule suddenly enlarges it is 
most probably due to licmorrhage into a cyst. The fluid in the cyst 
may be clear and shimmering with cholesterol crystals, but often it 
is colored brown by old blood, (^deification is quite common in the 
center of the adenoma or in the wall of a cyst. The microscopic appear- 
ance is the same as that of the surrounding gland, exce])t that it is 
surrounded by a fibrous capsule. The acini just outside the capsule 
may be greatly narrowed as the result of pressure. The adenoma may 
or may not show hyperplastic changes, depending on whether the 
rest of the gland happens to show these changes. Sometimes the 
h\'perplasia is more marked in the adenoma, which seems to become 
a center of greater activity. 



Fio. 3S3.— Nodular Koitc'r. Tlie largo nodules are f)f the colloid type, while the small 
nodules iit the boLloni lefL-hand corner are of the fetal type. 

Fetal Adenoma is a name dependent on a disproved theory that the 
lesion arose from fetal cell rests. It is ct)minoiier in young people, 
often beginning about the time of puberty and being distinguishable as 
a firm nodule in the midst of the soft goiter of adolescenee. I’nlike the 
rest of that goiter, it does not respond to treatment with Lugol’s solu- 
tion. The tumor is usually solitary, and is often the only thyroid 
lesion. It pushes the gland aside in a way which is not seen in the case 
of colloid nodules, and is surrounded by a heavy fibrous capsule. The 
cut surface is dense and elastic, of an opaque pink or gray color, often 
streaked with yellow areas of necrosis, and frequently presenting a 
white fibrous somewhat stellate core near the center, h or these reasons 
it has been thought by some, perhaps with justice, that the lesion is 
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a true tumor of the thyroid, and therefore entirely different from col- 
loid nodules. Degenerative changes, cystic, hemorrhagic and calcareous, 



Fio. 384. — Adenoma of the thyroid. TJie acini arc very small and are widely sepa- 
rated by a structureless material. The vessels are markedly dilated. There is apparent 
buddinK of the acinar epithelium, with formation of new acini. X 250. 



Fig. 386. — Adenoma of thyroid; solid 
collections of acini. X 275. 


are even more frecfuent than in the 
colloid nodules, and the tumor may 
be replaced by a cyst with a calcified 
wall. 

The viuroscopic jnctvre is strik- 
ingly different from that of the 
colloid nodules, unless degenera- 
tion has blurred the outlines. The 
tumor consists of small acini which 
contain little or no colloid. This 
is the picture of the microfollicular 
parenchymatous goiter so common 
in the endemic regions of Europe, 
although it is a diffuse, not a localized 
lesion. The colloid increases in 
the older specimens until finally the 
appearance may resemble that of 
a colloid nodule, l^he alveoli are 
often widely sex>arated by a struc- 
tureless hyaline stroma which has a 
mucoid or edematous appearance, 
and contains numerous, large, thin- 
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walled vessels from which hemorrhage can readily occur. Some of 
the acini may show an appearance of epithelial budding with the 
formation of new acini. (Fig. 384.) Sometimes the tumor consists of 
solid masses or trabeculae of cells without any attempt at acinar for- 
mation (Fig. 385) ; such lesions strongly suggest a true tumor. 

EXOPHTHALMIC GOITER — GRAVES’ DISEASE 

Graves’ disease is an enigma and constitutes one of the most per- 
plexing problems in the whole of mtidicine, for it provides an example 
of an organ starting and continuing to hypcrf unction without any 
regard to the needs of the body. Tt bears no apparent relation to 
iodine deficiency. There is often a very definite history of nervous or 
psychic shock, not infrequently sexual in character. In some cases 
the onset of the disease has followed such a shock within a few days. 
The tendency at present is to look beyond the thyroid in seeking the 
essc'iitial cause of Graves’ disease. The pituitary is a possibility, since 
the thyrotropic hormone of that gland is the most powerful stimulator 
of thyroid hyperplasia. As there is excitement of the sympathetic 
system the adrenals may play a part. Most persons who dcN'elop 
Graves’ disease belong to a certain type, the so-called Graves’ con- 
stitution. They are of slender build, temperamental, easily over- 
stijnulated, with rapid pulse and slight tremors, and especially sensitive 
to the administration of thyroid extract. It would appear that in such 
persons something serves to upset the normal balance which should 
exist between the ductless glands (pituitary, adrenals, thyroid), one 
result of which is overstimulation of the thyroid, and that this balance 
may ne\'er be permanently regained. 

Symptoms. -The disease is much commoner in women than in men in the 
proportion of 5 to 1. It usually begins in early adult life and the onset is 
often sudden and acute. When it develops in later years the onset is more 
gradual. The symptoms of Graves’ disease arc due to excitation of the sympa- 
thetic system. The four cardinal signs arc enlargement of the thyroid, exoph- 
thalmos, tachycardia, and tremors. The skin is moist and liable to vasomotor 
disorders such as flushing; the patient is excitable; palpitation, diarrhea, and 
vomiting may occur; there is loss of weight and an enormously increased body 
metabolism as indicated by calorimetric observations. The course of the dis- 
ease varies. It may be acute and fulminating, the patient dying with all the 
classical symptoms of exophthalmic goiter; sometimes he dies in a so-called 
thyroid storm after thyroidectomy. In other cases the course is less violent, 
and is marked by a series of remissions and exacerbations. Gradually the 
fire burns itself out, the thyroid breaks down under the constant stimulation, 
and a condition of partial thyroid insufficiency (myxedema) may develop. 
There is profound disturbance in iodine metabolism, as indicated by raised 
blood iodine, increased excretion of iodine, and a negative iodine balance. 
This increased mobilization of iodine in hyperthyroidism resembles the dis- 
turbed calcium metabolism of hyperparathyroidism. 

Lesions.™ The thyroid gland is moderately or considerably enlarged, 
but the largest goiters do not occur in Graves’ disease but in the 
adenomatous and colloid forms. It must be remembered that no 
49 
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enlargement may be detected clinically, as the hypertrophied lobes 
may be behind the trachea. The gland, over which greatly dilated 
veins may course, is firm, pink in color owing to the increased vas- 
cularity, and of a dense inejity appearance which is in marked contrast 
to the translucency of the normal thyroid. If the patient has been 
given iodine (Lugol’s solution) before the thyroid gland was removed, 
the characteristically dense appearance is lost owing to the temporary 
change from a hyperplastic to a colloid condition. The enlargement is 
diffuse, but the cut surface shows a fine lobulation which, together 
with the meaty appearance, suggests a resemblance to the cut surface 
of the pancreas. 



Fio. 3S6. -Thyroid of Graves’ disease underp;oinK involution under iodine treatment. 
The papillary processes are being withdrawn from the enlarged acini, and the colloid is 
reappearing. Above and below there is still dense hyperplastic tissue. X 150. 


The viicroffcojnc picture shows three characteristic changes: epithe- 
lial hypertrophy and hyperidasia, disappearance of colloid, and lym- 
phoid hyperplasia. The epithelium is tall and columnar, and mitotic 
figures may be numerous, l^he acini are greatly enlarged and very 
irregular, but this enlargement is not readily obvious unless a wax 
reconstruction is made, for they are filled with the papillary processes 
which form in order to accommodate the new formation c'f cells. 
(Fig. 386.) Sometimes there is no enlargement of acini with infolding 
of their w^alls, but a formation of great numbers of small roiiiided acini 
lined by columnar epithelium. In both forms the colloid is thin and 
scanty or has completely disappeared. The change in the colloid is 
most marked where it comes in contact with the lining epithelium, as 
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if it is being absorbed by the acutely active cells. Scattered through- 
out the stroma are lymphoid follicles with definite germinal centers 
• ? addition to which there may be a more diffuse infiltration 

with lymphocytes. The lymph follicles become larger and more dis- 
tinct ^ter prolonged treatment with Lugol’s solution. It is probable 
that they are a result of the hj-’perplasia and hypersecretion of the 
thyroid. Wegelin points out that the lymphoid tissue in the thyroid 
appears to be developed as a purely local response to irritation and 
not as part of a thymico-lymphatic constitution. There is a marked 
increase in the vascularity in keeping with the general increase in 
glandular activity. 



Fia. 387. — Hyp(*rpl:istic thyroid showinp; an extreme degree of lymphoid hyperplasia. 
The patient had been treated with Lugol’s solution. X 40. 


When the patient has had a short preoperative course of Lugol’s 
solution the picture is markedly changed, corresponding with the 
great abatement in the symptoms of thyrotoxicosis. The epithelial 
hypertrophy and hyperpb,sia subside, colloid reappears, and the 
lymphoid tissue is less abundant. But wlu'ii the administration of 
iodine is prolonged for weeks or months a different picture develops, 
which bears a spurious resemblance to the resting colloid gland. 
Epithelial hypertrophy is still absent and the atrophic looking follicles 
are lined by a low type of cell, but the colloid is thin and watery, 
lymphoid hyperplasia is very marked, the germinal centers of the 
follicles are remarkably large and pale, a condition which Warthin 
calls lymphoid exhaustion, and there is proliferation of the stroma. 
The symptoms meanwhile may have returned in full force. 
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Thiouracil, a derivative of thiourea, produces a curiously contrasted 
effect. The clinical symptoms of hyperthyroidism are relieved and 
the basal metabolic rate lowered, but the resorptive phase of thyroid 
physiology appears to be intensified, for the colloid is diminished in 
quantity and density and may finally disappear, whilst the epithelium 
is tall and columnar. Thiouracil thus appears to inhibit the production 
of new colloid, but does not interfere with the use of the available 
colloid (Ilalpert). 

Lesions in other organs deserve at least passing mention. The hyperplasia 
of the thymus and lymphoid tissue has already been mentioned. A persistent 
and enlarged thymus is found at autopsy in the majority of cases of typical 
exophthalmic goiter. The lymph nodes, tonsils, Peyer^s patches, and lymphoid 
follicles in the spleen may all shov/ hypertrophy similar to that of status 
lymphaticus. In some of my fatal cases there has been tremendous lymphoid 
hyperplasia of the appendix, the lymphocytes obliterating the mucosa and 
lumen, and infiltrating the muscular wall. The blood shows a relative lympho- 
cytosis. The heart is often enlarged, and may show myocardial degeneration 
and fibrosis, but there arc no specific lesions. The muscles show fatty degen- 
eration ; in the quadriceps extensor this accounts for the difficulty the patient 
has in lifting his foot to a height (quadriceps sign). The adrenals may be 
atrophic, but there are no specific lesions. The liver often shows passive con- 
gestion, and degenerative lesions are common. Fatty change is extremely 
frequent. There may be acute necrosis, both focal and central. Or there may 
be subacute toxic atrophy, with the development of cirrhosis and nodule 
formation. Liver function tests often show a marked degree of impairment. 
It has been suggested by Boyce that in thyrotoxicosis the overstimulated 
metabolism results in combustion of the protective glycogen of the liver beyond 
the degree of safety. When that point is reached there develops sudden and 
extreme hyperpyrexia, an almost uncountable pulse, vomiting, diarrhea, and 
restlessness which may pass into delirium coma and death. This picture is 
known as thyroid crisis or thyroid storm. The hones often show marked rare- 
faction and decalcification due to a lacunar absorption brought about by 
osteoclasts and associated with a great excretion of calcium. 

The Relation of Symptoms to the Lesions of Goiter.— Diffuse colloid goiter 
usually produces no symptoms, except possibly those of pressure. On the 
other hand there may be mild degrees of thyrotoxicosis or of hypothyroidism. 
Microscopic examination of the thyroid fails to give a satisfactory explanation 
of these differences. The parenchymatous, microfollicular, colloid-poor goiter 
so prevalent in the mountainous regions of Europe is hardly ever associated 
with toxic symptoms. 

In Graves^ disease the cardiovascular phenomena and the increased basal 
metabolic rate are manifestations of hyperthyroidism, which itself is pre- 
sumably caused by epithelial hyperplasia. But there are difficulties. A 
patient may have well marked symptoms of hyperthyroidism without epi- 
thelial hyperplasia, especially when iodine treatment has been too prolonged. 
Goiter in adolescents in regions of severe goiter may show all the microscopic 
changes characteristic of Graves* disease, yet thyroid function may be normal. 
The administration of thyroxin does not produce the exophthalmos and other 
neurological phenomena of Graves* di.sease. Indeed exophthalmos may get 
worse after removal of the thyroid; so-called malignant exophthalmos devel- 
oping after operation may destroy the eyeball. There is no agreed explanation 
for the exophthalmos, but in severe cases the extraocular muscles and orbital 
connective tissue may be greatly swollen owing to edema. Exophthalmos 
associated with orbital edema can be produced exp>erimentally by injection 
of the thyrotropic hormone of the anterior pituitary, even though the thyroid 
has first been removed. This is due to a mucoid type of edema of the orbital 
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which IS particularly rich in loose connective tissue and is therefore readily 
seems probable that the stimulus responsible for the exoph- 
thalmos IS the thyrotropic hormone of the pituitary acting through the cervical 
sympathetic on the orbital tissues. Thyroidectomy removes the inhibitory 
effect of the thyroid^ on the pituitary, thus explaining the occasional post- 
operative intensification of the exophthahnos. It has been suggested that in 
Graves^ disease the thyroid allows thyroxin to leak from the gland (thyroid 
diarrhea), and that the hyperplasia is an attempt to compensate for the rapid 
loss of hormone, and therefore merely a secondary phenomenon. This sounds 
well, but it may have more sound than meaning. 

The chief symptom of adenomatous goiter is local pressure on the trachea, 
which may cause marked narrowing of that structure with dyspnea. Hemor- 
rhage into an adenomatous cyst may aggravate the condition in a sudden and 
alarming manner. A retrosternal goiter ^ usually due to the downward extension 
of an adenoma, is a cause of dyspnea which may escape detection for some time. 
The presence of an adenoma may or may not be associated witli signs of 
hyperthyroidism. On this account the clinician distinguishes between two 
forms of adenoma, the toxic and the non-toxic. This may be convenient 
clinically, but there is no pathological justification for the distinction, for it is 
quite impossible to tell microscopically if an adenoma is toxic or not. It is not 
the adenoma but the entire gland which is responsible for any symptoms of 
hyperthyroidism that may happen to be present. 

Nor has the distinction between exophthalmic goiter and toxic adenoma 
any sound pathological basis. They are both varieties of Graves' disease, 
the former acute, the latter chronic and characterized by a predominance of 
cardiovascular symptoms and an absence of exophthalmos. It is a difference of 
degree rather than of kind. English writers speak of primary and secondary 
Graves^ disease. The primary form is the ordinary classical type in which 
toxic symptoms are present from the beginning, whereas in the secondary form 
the thyroid has been enlarged some years before the toxic symptoms develop, 
and the gland is usually nodular. The toxic adenoma appears later in life than 
exophthalmic goiter, at a period when there is less thyroid epithelium which is 
capable of reacting violently to the stimulus, so that exophthalmos is absent 
and the nervous symptoms are less marked. On the other hand, the myo- 
cardium is more easily exhausted and fibrillation is readily produced. In the 
chronic form it is natural that adenomata should make their appearance, but 
they are not responsible for the symptoms of thyrotoxicosis, for they merely 
represent an incident in the course of the pathological process. If the adenoma 
is very large and contains much hyperplastic tissue, its removal will be followed 
by improvement, but this fact does not invalidate what ha^ just been said. 
As a matter of fact the term toxic adenoma in the hands of the clinicians has 
come to mean hyperthyroidism without eye symptoms rather than the presence 
of an adenoma. 

CRETINISM AND MYXEDEMA 

Deficiency of the thyroid secretion gives rise to very characteristic 
symptoms and may be caused in a variety of ways. The basis of the 
condition may be congenital or acquired. The former is known as 
cretinism, the latter as myxedema. 

Cretinism.— If the thyroid does not develop projicrly during fetal 
life, or if it is acted on during that period by goitrigenous influences, 
the fbilH is born a cretin. Cretinism may be endemic or sporadic. 
The endeinic form is common in the great regions of endemic goiter, 
the Alps and the Himalayas. It has been said that goiter is the first 
on the road to cretinism. T. he mother almost always suffers from 
simple (endemic) goiter. The child at birth has not got a goiter, but 
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in a few years he usually develops one unless removed to a non-goitroiis 
district. At first the thyroid may show a compensatory hyperplasia, 
but later there is exhaustion atrophy although the gland is still enlarged. 
Endemic cretinism can be prevented by giving the pregnant woman a 
sufficient amount of iodine. The sporadic form occurs in iKm-endeinic 
regions. The cause is not known, but is apparently something that 
interferes with the development of the thyroid, which is represented 
by a fibrous remnant. Indeed it may be difficult to find any trace of 
thyroid tissue, so that goiter does not develop. 

The cretin is a dwarf physically and mentally. The mind, the 
skeleton, and the sexual organs do not develop. Like Peter Pan, the 
cretin never grows up, but he has none of Peter’s vivacity, for the vita- 
lizing influence of the thyroid is lacking. He is a sad, old child. Tlie 
stature is stunted, the head large, the face broad, the features coarse, 
the arms short and curved, the sexual organs undeveloped, and the 
mental powers little better than those of an imbecile. What was 
intended to be created in the image of (rod has become what has been 
called the pariah of Nature, and all for want of a little iodine! 

Myxedema. — This is the (*ondition of thyroid deficiency in the adult, 
and usually appears about the age of forty years. It is commoner 
in women. It has no relation to goiter, and is not commoner in the 
regions of endemic goiter. It may be due to some extrathyroid cause, 
such as pituitary deficiency. Some cases of Simmonds^ disease 
(pituitary insufficiency) may simulate myxedema, for in that condition 
there is atrophy of the thyroid ; this has been called the pituitary type 
of myxedema (Means). Usually, however, there is no clinical evidence 
of pituitary disease in myxedema, nor any significant histological 
changes in the pituitary. The thyroid gland is atrophic, hard, and 
in the most severe cases is converted into a mass of fibrous tissue. 
As a rule areas of atrophic glandular tissue remain separated by an 
abundant fibrous stroma. Lymphoid collections are frequent, and 
are probably related to the disappearing parench;^'ma as in chronic 
nephritis. (Fig. 388.) 

The clinical picture in an advanced case is so characteristic that 
the diagnosis can be made at a glance, but owing to the efficacy of 
treatment with thyroid extract such cases are seldom seen nowadays. 
The woman is heavy and intensely phlegmatic, the face broad and 
devoid of all expression, the skin rough, dry, and singularly sensitive 
to cold. Persons with hyperthyroidism have a moist skin and rarely 
feel the cold, those with hypothyroidism have a dry skin and con- 
tinually feel cold because the metabolic fire is burning so low. The hair 
is dry and falls out, often beginning first in the outer third of the eye- 
brows. The basal metabolic rate is characteristically low. The serum 
cholesterol is invariably high in untreated cases and decreases on 
treatment. Its estimation is therefore of great value in the diagnosis 
of myxedema, and it is a better indicat(^)r than the basal metabolic? 
rate, as it is less dependent on the cociperation of the patient. It must 
be remembered that cases encountered in practice are not likely to 
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show this full-blown picture, and have to be recognized when the 
symptoms are much less marked. 

The disease owes its name to a solid pscudoedema of the skin and 
mucous membranes caused by infiltration with a mucin-like substance, 
so that the tissue appears to be myxomatous. It is this infiltration 
which serves to iron out the expressive wrinkles and folds of the face, 
so that all the patients have a str«)ng family resemblance to one another. 
The change is most marked in the face, neck, supraclavicular fossa*, 
and the backs of the hands, which are fat and clumsy. The mucous 
membranes are also infiltrateti, so tliat the tongue is thick, and there 
is swelling of the mucous membrane in the nose, mouth, larynx, bronchi, 
and alimentary* canal. A similar change in the heart may cause great 



388. — The thyroid in myxedema. Tlic glandular tissue has been replaced by 
hbrous tissue; remnants of acinar epithelium remain surrounded by lympliocytcs. 
X 125. 

cnliirgemcnt (myxedema heart). The edema, which may be associated 
with serous effusion in the pericardial cavity, may be (Icpendeiit on a 
change in the capillary permeability, which can be shown experiment- 
ally to be markedly increased in m^^edema (Lange). With thyroid 
therapy the permeability rapidly returns to normal. Cardiac edema 
is not associated with increased capillary permeability. There is 
advanced atrophy of the iiderstitial cells of the testis, accounting for 
such gonadal symptoms as impotency and loss of desire (Marine). 

Cachexia strumipriva is postoperative myxedema caused by too radical 
removal of a goiter (struma) . The condition, which is characterized by marked 
wasting as well as the ordinary symptoms of myxedema, was common in the 
■ early days of goiter surgery, but is very rarely seen at the present time. 

TUMORS OF THE THYROID GLAND 

CftrcinomA. — Carcinoma commonly arises in a preexisting adenoma, 
usually of the fetal type. It is not possible to give the precise percent- 
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a^;e of this occurrence, because the tumor so often has overgrown the 
original site. The adenoma may be quite small, it is generally non-toxic, 
and the malignant change may occur in youth or even in childhood, 
(^arcinonia is commoner in women than in men, because of the much 
higher incidence of nodular goiter in the female. Wegelin points out 
that in Berlin where the incidence of goiter is low there were 13 malign- 
ant tumors of the thyroid in 1 3,426 autopsies, whereas in Berne where 
the incidence of goiter is high there were 159 malignant tumors in 
15,250 autopsies. It bears no relation to Graves’ disease. This is 
strange, because in that disease there is a wilder epithelial proliferation 
than in any other non-neoplastic lesion. The tumor is hard and 



Fkj. 3S9. Carcinoma of thyroid, med- P’lo, 390. — Carcinoma of the thyroid. 

Hilary form. Sheets of colls surround Papillary processes project. intiO large 
acini containing colloid. X 37-1. spaces. There is no colloid. X 175. 

rapidly growing, causing pressure on the trachea with dyspnea. There 
is pain and fixation to the surrounding parts. All of these features 
are present in Riedel’s struma (see p. 778). The tumor at first shares 
the capsule of the adenoma, but later infiltrates the surrounding gland 
and invades the regional lymph nodes. Long before this happens 
distant metastases may have been set up by early invasion of the 
bloodvessels. Carcinoma may sometimes cause symptoms of hyper- 
thyroidism. 

The microscopic picture varies greatly and many different names 
have been applied, but it is sufficient to recognize adenocarcinomatous, 
medullary (Fig. 389), and scirrhous forms. The last is quite rare. The 
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adenocarcinomas often take a papilliferous form, with the formation 
of papillary processes in the glandular spaces. (Fig. 390.) I have 
seen a tumor closely mimic a hypernephroma, and these hypcrncphroid 
tumors have been described by other writers. Different parts of the 
tumor may vary considerably in structure, and in places the picture 
may be practically that of the normal or slightly hyperplastic thyroid. 
Invasion of the veins occurs early and accounts for the early occur- 
rence of distant metastases. The presence of tumor cells within the 
lumen of a vein is of great diagnostic value in cavses where the micro- 
scopic appearance is atypical (Graham), ^'he distinction between 
benign and malignant hyperplasia is sometimes very difficult. 

MeUistases may occur early, owing 
to the marked tendency which the 
tumor shows to invade the blood- 
vessels. The lungs and the bones 
arc the common sites of secondary 
growths. The condition known as 
‘‘benign metastasizing goiter’^ was 
for years described in the text- 
books; it is characterized by the 
occurrence of abone tumor composed 
of more or less normal thyroid 
tissue in association with what was 
supposed to be a colloid goiter. 

All of these cases arc really examples 
of carcinoma, and definite evidence 
of malignant disease of the thyroid 
will appear in due time. 

Lateral Aberrant Thyroid Tumors.- - 

These not uneommon tumors form 
a very distinct pathological and clinical 
entity. The tumor, usually in a young 
person, is situated in the anterior triangle 
of the neck. It is well circumscribed 
and of slow growth, but tends to extend 
to the regional lymph nodes, in this 
respect differing from ordinary carci- 
noma of the thyroid which spreads by the blood stream. Microscopically its 
chief characteristic is its adenomatous and often cystic form and the presence 
of papillary processes. It is a papillary cystadenoma, and it may be very diffi- 
cult to determine if the lesion is a benign or malignant one. If the latter, it 
is of low grade, but there is a tendency to recurrence after removal. Perhaps 
this statement is not accurate, for the apparent recurrence may really be an 
indication of fresh centers of growth. In the development of the thyroid 
there is a migration of epithelial cells derived from a posterior pharyngeal 
outpouching which should fuse with the median thyroid anlage in its descent. 
If this fails to occur these cells form the lateral aberrant thyroids, which may 
give rise to adenomatous tumors of papillary type with cyst formation and 
a tendency to malignant change. Clinically the lesion is often mistaken for 
lymph node tuberculosis, Hodgkin^s disease, etc. 



Ficj. 391. — Iliii tlile-cell adenoma. 
X 240. 
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Sarcoma. - Sarcomas of the thyroid gland are often described, but most if 
not all of these are really examples of anaplastic carcinoma. The cells may 
be spindle-sliaped and arranged quite diffusely, but careful search will reveal 
places where the arrangement is epithelial in character with attempted forma- 
tion of acini. 

Hurthle-cell Tumor.— This is an adenoma the cells of which bear a striking 
resemblance to those of the liver, for they are large, polyhedral, with abun- 
dant strongly acidophilic cytoplasm, and arranged in trabeculiB or small acini. 
(Fig. 391.) The lesion is usually benign, but may be malignant (adenocarci- 
noma); in the latter case the cells show the usual malignant characteristics. 
In 1894 Hurthle described a large acidophilic cell on the outer surface of the 
wall of the follicles, and the tumor is supposed to arise from these cells, but 
it is more probable that the acidophilic character of the cells signifies a func- 
tional change such as often occurs in the normal thyroid, and that they are not 
separate anatomical structures. The term Langhans^ tumor (wuchernde 
struma) occurs frequently in European literature. It is difficult to be certain 
of the identity of this lesion, but it seems to bear a close resemblance to the 
Hurthle-cell tumor, although usually markedly invasive. 

Secondary Tumors.— Secondary tumors of the thyroid are rare, with the 
exception of melanoma and carcinoma of the lung. 

INFLAMMATION OF THE THYROID GLAND 

The thyroid gland is singularly immune from acute iuflammator>’ 
lesions. A mild form of thyroiditis may be present in acute tonsillitis, 
acute articular rheumatism, typhoid fever, and less frequently in other 
infections. Suppuration is rare. When it does o(?eur the gland is hot 
and swollen, and an abscess forms which may discharge into the 
larynx, trachea, or esophagus. 

Uedel’s Struma. —This is a form of chronic thyroiditis. The gland 
enlarges rather quickly and uniformly, although only one lobe may 
be involved, it is of a whitish color, and merges with the surrounding 
tissues to which it is very firmly adherent. Its most striking char- 
acteristic is its extraordinary hardness, which is described in such 
names as “iron-hard tumor” and “woody thyroiditis.” Microscopi(*all\' 
there is at first a marked infiltration with lymphocytes. These are 
replaced later by a very dense sclerotic tissue. (Fig. 392.) DeCourcy 
suggests that the starting point of the disease may be a perithyroiditis, 
which causes partial (constriction of the vessels entering the thyroid 
gland, and that the fibrosis begins outside rather than within the gland. 
There is marked degeneration and destruction of the glandular tissue. 
The epithelial cells may fuse around small masses of colloid so as to pro- 
duce an appearance like that of a giant cell, and the condition is easily 
mistaken for tuberculosis. There may be large numbers of these 
pseudogiant cells. In other cases areas of irregular cellular hyperplasia 
may closely simulate carcinoma. The lesion may progress so that the 
patient passes into a condition of myxedema, but it is remarkable 
how much destruction of tissue there may be with no symptoms of 
hypothyroidism. The progress of the disease may be arrested at any 
time, and great benefit may be produced by even partial resection, 
which appears to relieve the pressure on the rest of the gland. 
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Hashimoto’s Struma. — The best name for this condition is lumph’^ 
adenoid goiter, but it is usually called Hashimoto’s struma or Ilashi- 
inoto s disease. The lesion is almost confined to women over middle 
age in contrast to Riedel’s struma which may occur in men. The 
thyroid is enlarged and of a uniform pale gray color with complete 
loss of the normal colloid appearance, firm in consistence, but without 
the woody or iron-hard character of Riedel’s struma, nor is it adherent 
to the surrounding structures. There is a much greater tendency to 
myxedema. Microscopically the acini arc rej)laced l)y a dense infiltra- 
tion of lymphocytes, amongst which germinal centers may be found. 
(Fig. 393.) 




Fig. 392.~Rieders struma. X 120. Fig. 393.— Hashimoto’s struma, showing dif- 

fuse infiltration with lymphocytes. X 250. 

'^riierc is difference of opinion as to whether Hashimoto’s struma 
and Riedel’s struma are two different diseases, or whether the latter 
is merely the terminal fibrosed stage of the former. A typical picture 
of lymphadenoid goiter is certainly very different from the scarred 
thyroid of Riedel’s struma, but when one studies a series of cases it 
becomts very difficult to know in which group to put some of the 
specimens. I have obser\'ed one case of Hashimoto’s disease at autopsy 
in which the microscopic picture differed little from that of the surgical 
specimen removed seven years previously. Similar cases have been 
reported (Hellwig). This and the other considerations already men- 
tioned tend to support the view that the two conditions are unrelated. 
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OTHER LESIONS OF THE THTROID GLAND 

Infective Granulomas. — Tvbercvlosis of the thyroid gland is rare, the gland 
showing a remarkable resistance to this infection. Miliary tubercles may 
occur, but must be distinguished from the pseudotubercles of Riedel's struma, 
and from similar structures which are very occasionally seen in diffuse and 
nodular goiters. Large areas of caseation may be formed, but this is extremely 
rare. Syphilis may not uncommonly cause enlargement of the thyroid in the 
secondary stage. Tertiary gummata are very rare. 

Congenital Anomalies.— The thyroid may be absent. Normally the gland 
is developed as a downgrowth from the anterior wall of the pharynx, the stalk 
connecting it with the pharynx forming the thyrogossal ducty which at birth 
is represented only by the dimple of the foramen cecum at the posterior part 
of the tongue. Portions may be displaced during the course of development. 
A nodule at the base of the tongue may form a lingual thyroid. There may be 
small masses in the neck known as accessory thyroids^ and pieces may be 
found at some distance from the normal position. A portion of the duct may 
remain unobliterated and form a thyroglossal cysty which is recognized by 
ahvays being in the middle line of the neck. Pieces of parathyroid or thymus 
may be embedded in the thyroid. 
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THE PARATHYROID GLANDS 

Patholo^cal Physiology.— The parathyroid glands regulate the level of the 
blood calcium; they determine the rate of movement from the great calcium 
depots, the bones, into the blood stream and tissues, and from thence out into 
the urine. The blood phosphorus tends to vary inversely with the blood 
calcium; as the one goes up the other goes down. Renal disease may cause 
retention of inorganic phosphorus; this tends to depress the calcium, and would 
do so were it not for increased function of the parathyroids and consequent 
hyperplasia. Just as renal lesions can influence the parathyi’oids, so also 
can parathyroid overactivity cause renal lesions. Thus Chown and his 
associates found that animals injected repeatedly with parathyroid extract 
had marked deposition of calcium in the renal tubules causing obstruction 
with atrophy of some nephrons and dilatation of others. The amount of 
calcium in the tissues determines their neuromuscular irritability, the 
irritability varying inversely with the amount of calcium. The pathological 
physiology of the gland may vary in the direction of hyperfunction or hypo- 
function. Pure hyperparathyroidism gives rise to generalized osteitis fibrosa, 
pure hypoparathyroidism gives rise to tetany. 

The parathyroids are the most difficult organs in the body to find at autopsy, 
partly on account of their small size, partly because of their resemblance to 
lobules of fat. Excellent instructions for their demonstration will be found in 
the appendix to Gilmour’s paper. 

Hyperparathyroidism. — In 1925 Collip succeeded in preparing a powerful 
extract of the active principle of the parathyroids (parathormone). Its action 
is to remove calcium from the bones in large amount, and owing to this mobil- 
ization of calcium the bones become rarefied, the blood calcium rises, and there 
is a marked excretion of calcium and phosphorus in the urine. The decalci- 
fication of bone is followed by the formation of fibrous bone lesions. The 
muscles are hypotonic, for the tissues are flooded with the mobilized calcium, 
and the neuromuscular irritability is accordingly diminislied. The patho- 
logical counterpart of experimental hyperparathyroidism is generalized osteitis 
fibrosa CAjstica, which is usually associated with tumor of the parathyroids. 
Multiple bone cysts may be formed. There is hypercalcemia and an increased 
excretion of calcium in the urine. As the phosphorus of the blood usually 
varies inversely with the calcium, it is low in this condition. 

There is a relationship between the parathyroid and kidneys as well as be- 
tween the parathyroid and bones. Moreover this relationship is a reciiprocal 
one. Hjq^erparathyroidism causes metastatic calcification of renal tubules 
w^hich may lead to renal insufficiency. Conversely, prolonged renal insuffi- 
ciency due to chronic glomerulonephritis, etc., is often associated with 
marked secondary hyperplasia of the parathyroid, sometimes also with 
secondary osteitis fibrosa. Castleman and Mallory point out that in these 
cases the change is a generalized hyperplasia, not adenoma formation, and that 
this secondary hyperplasia can be clearly differentiated histologically from 
primary hyperplasia. In the primary form there is a uniform differentiation 
of all the cells to a large water-clear type (see page 732), whereas in secondary 
hyperplasia the tissue is made up of normal-sized ‘'chief cells,” with a marked 
increase of oxyphil cells and a few small waterclear cells. It appears probable 
that the parathyroid hyperplasia is dependent in some way on phosphate 
retention by the kidneys, all the more so as a similar hyperplasia can be pro- 
duced experimentally by the repeated injection of sodiuni phosphate. 

Hypoparaihyroidisin. — The clinical manifestation of this condition is tetany. 
Tetany may be produced in a variety of w’ays, all of which are connected 
directly or remotely with the low calcium in the tissues. Pure parathyroid 
tetany is best seen wffien the parathyroids have been removed intentionally 
in animals or unintentionally in man in the course of an operation for goiter. 
There is a marked drop in the blood calcium and an increased excretion of 
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calcium in the urine. The phosphorus of the blood is normal or raised. The 
tissues are depleted of calcium, and tetany develops owing to the increased 
neuromuscular irritability. This hyperexcitability is shown by twitching 
of the muscles and severe clonic spasms and convulsions. When the nerves 
are stimulated electrically and even when pressed upon, the muscles may go 
into a persistent tetanic spasm. 


PARATHYROID TUMORS 





These tumors have a geographical distribution which is worthy of 
note. Although always somewhat of a rarity, they are much com- 
moner in the Nc^rth Atlantic States, Scandinavia and England than 
in Italy or France. There are far more cases in the eastern I nited 

States than in the central 
states. Wilder and Howell 
suggest that the difference 
is due to the absence of the 
ultra-violet light stimulus in 
gloomy and highly industri- 
alized (smok y ) c( ) u n tries , 
thus putting a strain on the 
I)arathyroids which stimu- 
lates them to tumor forma- 
tion. The tumor is usually' 
an adenoma, sometimes a 
carcinoma. The normal para- 
thyroids are composed of 
oxyphil cells and basophil or 
chief cells. It is probable 
that the former are derh ed 
from the latte . The adenoma 
may be composed mainly of 
either of these types of cell, 
l^he cells are usually large 
and clear (water-clear or 
“wasserhelle” cells), present- 
ing a vcsiculated or ballooned 
appearance owing to their 
rich glycogen content, and arranged in cords or columns. (Fig. 394.) 
Hie tumor may be of considerable size, in one case weighing 60 grams. 
Although large it may lie so deep that it cannot be palpated even 
though it is suspected, as in a case described by Hunter and Turnbull, 
where the tumor measured 7.5 cm. and yet could not be felt. Acini 
cfintaining colloid may be present and the stroma may be rarefied, so 
that it is easy to mistake the microscopic picture for that of a degenerat- 
ing thyroid adenoma, especially if the tumor is embedded in the thyroid 
as soinetiines happens. Occasionally there are bilateral tumors. 
Albright, together with Castlenian and Mallory, describes hyperplasia 
of the parathyroids rather than tumor in certain cases of hyi)erpara- 





Fia. 394.— Paratliyroid adenoma. The clear 
appearance of tlie cytoplasm is due to glycogen. 
X 500. 
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thyroidism.^ All the parathyroids are diffusely enlarged, in contrast 
to the limited and localized enlargement of adenomas. The cells, 
which are of the water-clear variety, are extremely uniform in type, 
whereas in adenoma the cytological picture is usually more varied. 

Symptoms. The symptoms of parathyroid tumors are those of hyperpara- 
thyroidism, and are similar to those produced by parathyroid extract. The 
bones are softened and rarefied, and the decalcification is readily recopjnized 
in the roentgen-ray picture. The softened bones become greatly defeu^^med, 
the legs are bent, the pelvis wedge-shaped, and there is scoliosis and loss of 
height. Multiple tumor-like swellings of the bone are common. These show 
the structure of a giant-cell tumor, the giant cells probably representing a 
foreign-body reaction to the disintegration of bone. The bone becomes 
replaced by fibrous tissue, and multiple cyst formation is common. The 
cahiium removed from the bones appears in the blood, so that the blood 
calcium is raised from the normal 10 mg. per 100 cc. to 15 or 18 mg. The 
phosphorus on the other hand is low. The plasma phosphatase, an enzyme 
capable of splitting certain inorganic phosphates, is considerably raised. As 
the tissues are rich in calcium the muscles are hypotonic, having a low electrical 
excitability, and there is great muscular weakness. T^arge quantities of cal- 
cium are excreted in the urine, so that there is a negative calcium balance 
which is at once rectified when the tumor is removed. The calcium is deposited 
in the arteries, and in the renal pelvis in the form of calcium stones. There 
is often a fine spotty calcification of the renal tubules. 

The classical picture of osteitis fibrosa cystica is rare and easy to recognize. 
Other slighter and less typical manifestations of hyperparathyroidism are 
much more common. The condition should be susi)ected in every case of 
renal calculus. The calculus cases due to i)arathyroid tumor are more often 
not associated with bone disease than with it. The replacement of the mar- 
row by fibrous tissue may load to anemia and leucopenia. Bone pain and 
tenderness may be present for a long time before deformities apf)ear. Multiple 
myeloma and metastatic carcinoma in the skeleton may give a similar picture 
of decalcificatioii of bone with high blood calcium, but the blood phosphorus 
is also high, thus distinguishing the condition from hyperparathyroidism. In 
one of my cases of secondary carcinoma of bone the blood calcium was above 
18 mg. per 100 cc. Senile osteoporosis is the most difficult condition to differ- 
entiate from mild hyperparathyroidism. 

Other Parathyroid Lesions.— Many other lesions of the parathyroid glands 
have been reported, but none of them appears to be of any importance. Hem- 
orrhage may occur into the parathyroids of the child during labor, but enough 
tissue is left to perform the normal function of the glands. Even when all 
four parathyroids have been destroyed by secondary carcinoma, there have 
been no symptoms of tetany. Fibrosis and scarring is often found in elderly 
persons. Cysts are not uiujommon. In none of these cases is there any 
evidence of functional disturbance. 
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THE PITUITARY GLAND 

Pathological Physiology. --“Here in this well-concealed spot, almost to bo 
covered by a thumb-nail, lies the very mainspring of primitive existence, 
vegetative, emotional, reproductive.^’ In these striking words Harvey Cush- 
ing describes the pituitary body, one of the smallest of the endocrines, but the 
master gland of the body. The pituitary consists of an anterior lobe and a 
posterior lobe. The anterior lobe is epithelial in structure, and is derived 
froin Rathke’s pouch, an up-growth from the pharynx. The stalk connecting 
it with the pharynx disappears, but epithelial rests may remain from which 
tumors may arise known as Rathke pouch tumors or craniopharyngiomas. 
The posterior lobe, of nervous structure, is developed from the floor of the 
third ventricle, and remains attached to the hypothalamic region of the brain 
by a stalk or infundibulum, in which a very narrow channel of communication 
with the ventricle remains open. The posterior lobe consists of a pars nervosa 
and a pars intermedia. The pars nervosa consists of nori-mcdullated nerve 
fibers, which connect the pituitary with the hypothalamus, and a varying 
amount of nerve cells and neuroglia. The pars intermedia is an epithelial 
investment of the pars nervosa, derived from Rathke’s pouch. It is composed 
of basophil cells. The active principle of the posterior lobe may be derived 
in part from the cells of the pars intermedia. 

The anterior lobe contains three types of cell (Plate XXI): (1) Acidophil or 
eosinophil cells, with granules staining red with eosin. These cells seem to 
govern the growth of the body. (2) Basophil cells, with granules staining 
with hematoxylin. These cells are perhaps concerned with sexual develop- 
ment, but of this there is no definite proof. The eosinophil and basophil cells 
are classed together as chromophil cells. (3) Chromophobe cells with non- 
granular cytoplasm which stains faintly. In some pituitaries it is easy to 
distinguish between the three types of cells with ordinary hematoxylin and 
eosin staining, but in others it is extremely difficult to be certain which cells 
are basophil and which are chromophobe. I have found a combination of 
orange G, aniline blue and hematoxylin, as recommended by Rasmussen, 
excellent for this purpose. The proportion of the various forms is roughly 
as follows: chromophobe, 50 per cent; acidophil (eosinophil), 40 per cent; 
basophil, 10 per cent. The proportion of cells varies greatly in different sections 
from the same gland, so that it is difficult to speak of a normal picture; serial 
sections are really necessary to determine with accuracy the predominant cell. 
Moreover it is probable that the proportion is constantly changing. Studies 
on the Golgi apparatus suggest that there are only two fundamental cells, 
acidophil and basophil, both of which arise from chromophobes (Se veringhaus) . 
The chromophobes are of two types which can be distinguished by their Golgi 
apparatus; one of these develops into an acidophil, the other into a basophil. 
The pituitary becomes enlarged during pregnancy, and it is heavier in multi- 
para* than in nulli parse and males. 

The anterior lobe, being glandular in structure, is the active part of the 
gland, and appears to be one of the most important organs in the body. It 
is essential to life, as shown by extirpation experiments. It is the first of all 
the ductless glands to become differentiated in the course of development. 
It governs connective- tissue growth, in particular that of the bones, mental 
development, and the development of the reproductive organs. The influence 
of the pituitary on skeletal growth has been proved both by physiological and 
pathological ol)servations. It also controls the development of the repro- 
ductive organs, both male and female. Removal causes complete atrophy of 
the male and female gonads. Conversely castration is followed by an increase 
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in the number and si^ze of the basophils and their conversion into the so-called 
castration cells which have a signet-ring appearance owing to the presence 
of large colloid vacuoles in the cytoplasm. 

In addition to (p the growth-producing and (2) the gonadotropic hormones, 
^vans, in an excellent review describes (3) lactogenic, (4) thyrotropic, (5) dia- 
betogenic, and (6) adrenalotropic hormones. The thyrotropic hormone can 
produce exophthalmos experimentally. Removal of the anterior pituitary 
relieves experimental diabetes, and implantation of the gland then causes 
nyperglycernia. Removal of the anterior pituitary reduces the adrenal cortex 
to a mere shell, a condition which can be cured by giving pituitary -extract, 
r this review it is evident that the anterior pituitary is the master gland 
ot the body. At the same time it is not a dictator insensitive to influein^es 
tmm those presided over, for the administration of ccstrin can produce a 
adenoma just as it can produce cancer of the breast. 

1 he post^ioT lobe has never been proved to have any physiological activity, 
but it yields an extract of remarkable pharmacological potency. It is highly 
improbable that the active principles of this extract come from the inert pars 
nervosa; they appear to be produced by the pars intermedia, and pass via the 
pitui^ry stalk to the hypothalamic centers and to the cerebrospinal fluid of 
the third ventricle. The crude extract is known as pituitrin, but it contains 
several hormones with dilTerent actions, of which the most important arc the 
vasoconstrictor, the oxytocic and the antidiuretic. The vasoconslrictor effect 
is part of a general contraction of plain muscle throughout the liody ; the renal 
vessels are somewhat relaxed in an animal under general anesthesia, so that 
the flow of urine may be increased, but the extract is not a diuretic, as was 
at one time believed. The oxytocic effect {oxus, quick; tokos, birth) is a con- 
traction of the uterine muscle, which becomes very marked toward the end of 
])regnancy and may readily produce abortion. It would seem as if the anterior 
lobe of the pituitary by stimulating ovulation prepared the way for pregnancy, 
while the posterior lobe secretion terminated pregnancy by expelling the fetus. 
The antidiuretic effect may be very marked, particularly in diabetes insipidus. 
It is probably not a vasomotor action, but an effect on the epithelium of the 
renal tubules, as a result of which there is increased absorption of water so 
that the urine becomes much concentrated as well as diminished in amount. 

The cells of the pars intermedia, which appear to provide the active principle 
of the posterior lobe, become basophilic when ripe, are cast off, and invade the 
pars nervosa where they are changed into hyaline bodies which pass through 
the loose neural spaces to the infundibulum. This “basophilic invasion of the 
posterior lobe” becomes more prominent with advancing years; it bears no 
relation to hypertension as was at one time suggested. 

The intimate relationship of the pituitary to the diencephrlon (thalamen- 
cephalon) wdth its hypothalamic centers and tuber cinercum in the floor of 
the third ventricle appears to be of the greatest importance. Non-medullated 
nerves pass between the hypothalamic centers and the posterior l()be, and it 
is probable that the secretion of the pars intermedia passes along the infundibu- 
lum to the hypothalamus, where it may act directly on the nerve centers or 
may enter the third ventricle. Removal of the superior cervical sympathetic 
ganglion in the dog is follow ed by marked movement of the pituitary colloid 
into the hypothalamus, the ganglion cells of which become impregnated wdth 
colloid (Popjak). The hypothalamus and in particular the tuber cinereum 
mav act as a regulator of pituitary activity. Cushing remarks that if the 
pituitary sex hormone is the motor that starts the reproductive cycle going, 
the eiiiotional self-starter is probably in the diencephalon. The hypothalamus 
is the pacemaker of metabolic and emotional rhythm, governing the regularity 
of the rhythm of breathing, the exact maintenance of body temperature, the 
water balance, the cycle of sleep, and the ebb and flow of the menstrual func- 
tion . A few years ago experimental work tended to direct attention away from 
the pituitary*^ to the hypothalamus, and according to the “hypothalamists” 
many symptoms which had formerly been attributed to disease of the pituitary 
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were in reality caused by lesions of the diencephalon. It seems better to avoid 
either extreme, and to regard the posterior pituitary and the diencephalon as 
forming one unit witii reciprocal relations. The dienccphalon is the most 
ancient part of the cerebrum which has remained almost unchanged in the 
course of development, and it appears to contain the centers for the primitive 
elemental sensations of hunger and thirst. Experimental injury of the hypo- 
thalamus and particularly of the tuber cinereum may be followed by the 
development of polyuria and thirst, a condition which corresponds to the 
clinical state of diabetes insipidus, or by marked adiposity. Experimental 
lesions of this region may also be attended by pathological sleep, as if some 
8leei>-governing center had been involved. Hypothalamic tumors, suprasellar 
tumors pressing on the hypothalamus, and tumors of the third ventricle may 
sometimes give rise to a hypothalamic syndrome characterized by one or more 
of the above symptoms, i, e., polyuria, adiposity, and t)athological somnolence. 
The hypothalamic centers are peculiarly liable to be attacked by the virus of 
epidemic encephalitis, and diabetes insipidus and other hypothalamic symptoms 
may develop as a result of this infection. Narcolepsy (periodic somnolence) is 
probably h 3 ’^po thalamic in origin. 

Pituitary tumors may also be marked by any of these symptoms, and 
adiposity of a feminine type in particular is commonly regarded as a pituitary 
symptom. It is possible that in these cases the symptoms are really hypo- 
thalamic in origin. A pituitary tumor may burst through the membranous 
roof of the sella and press directly on the diencephalon. Even if this does 
not occur it must be remembered that the diencephalon and posterior pituitary 
apparently form a single functional unit, and that a lesion of the posterior 
lobe may well influence the hypothalamic centers through the nerve paths 
which connect the two elements of the unit. A clamp placed on the infundibu- 
lum which cuts off the flow of pituitary secretion to the diencephalon without 
interfering with the blood supply to the pituitary maj'^ cause marked adiposity. 
The polyuria of an exp)erimental hypothalamic lesion or naturally occurring 
diabetes insipidus may be checked in a remarkable manner by the use of pos- 
terior lobe extract. In spite of these facts pointing to the functional as well as 
structural unity of the diencephalic-hypophyseal mechanism it seems justifiable 
at present to regard polyuria, adiposity, and hypcrsomnolence as hypothalamic 
s^'^mptoms, although often occurring in pituitary disease. 

Hyperpituitarism.— With this brief review of the perplexing but all- 
irripc^rtant subject of pituitary physiology we may endeavor to outline 
some of the clinical features of underactivity and overactivity of the 
gland and to determine the lesions which may give rise to this altera- 
tion of function. In discussing these clinical features it must be borne 
in mind that the cause of the disturbance of function is often a tumor, 
an adenoma, and that this tumor in addition to elaborating an excess 
of the hormone normally produced by its cells of origin will usually 
destroy the other types of cell. Even in the purest forms of hyper- 
pituitarism we shall not expect to find an exaggeration of all the 
normal functions of the gland. There will nearly always be some 
insufficiency to mar the perfect picture. The main effect of hyper- 
pituitarism is excessive growth of the connective tissues and especially 
of the bones. If this occurs before ossification is completed the result 
is gigantism; if after that process is completed, the result is acromegaly. 

Gigantism is always due to pituitary hyi^erplasia. A definite tumor 
is usuall}^ present with enlargement of the sella turcica, but in the 
milder forms there may mcrel^^ be hyperplasia of the anterior lobe. 
Associated with the skeletal overgrowth there may be a later develop- 
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ment of symptoms of pituitary insufficiency, especially impotence in 
men and amenorrhea in women. The skeletal over^^rowth is caused 
by hyperplasia of the eosinophil cells of the anterior lobe, while the 
subsequent sexual insufficiency is due to pressure on the cells of that 
lobe which are concerned with sexual stimulation (probably basophil 
(ells). The pituitary activity may inhibit the action of insulin so 
that glycosuria develops, and it is common for giants to die with 
symptoms of diabetes. Later in the disease the tumor may be con- 
verted into a cyst so that the pituitary is greatly shrunken, but the 
skeletal changes arc permanent, and the expanded sella bears witness 
to the former size of the gland. 

Acrmiiegaly is the result of hyperpituitarism after ossification is 
complctecl. ''Fhe chief changes arc enlargement of the bones, hyper- 
trophy of the connective tissue, and changes in tlie skin ajid hair, to 
which may be added later in the disease symptoms suggestive of 
liypopituitarisin such as depression of the sexual function. The tumor 
found at operation or autopsy is more often a chromophobe than an 
acidophil adeiunna, but it is probable that the cells were acidophil in the 
early phase of the disease. It was Pierre Marie who, in 1 8cS(), recognized 
the pituitary origin of the disease and named it from the great enlarge- 
ment of the hands and feet (u/^my, extremity; wegak, large). The 
face is large, the frontal sinuses prominent, the eyes deeply set, the 
lower jaw is heavily undershot and prognathous so that the lower 
teetli project be^^ orid the upper ones, the teeth themselves arc widely 
separated, the hands and feet are huge and clumsy with exostoses on 
the phalanges and a characteristic tufting of the terminal phalanx 
seen in the roentgen-ray picture. Kyphosis may be marked, and the 
patient with his bent back, huge hands reaching to the knees and 
protruding lower jaw presemts a gorilla-likc picture. In addition to 
the osseous changes there is marked connective-tissue hyperplasia 
which produces enlargement of the lips, tongue, nose, hands, and feet. 
Owing to this fibrosis the skin becomes thick, coarse, and furrowed, a 
(‘haiige that is most strikingly evident in the scalp which is deeply 
(corrugated like that of a bulldog. There is marked increase in the hair, 
which is thick and coarse, and profuse sweating is common. In the 
active stage of the disease there may be increased sexual excitement. 
I-<actation after pregnancy may continue for a number of years. 
Changes in the basal metabolic rate are not constant, but (luring 
the active stage it iiviy be increased and the appetite is sometimes 
voracious. Glycosuria occurs in about 20 per cent of the cases, but it 
is curiously incoiivStaut in the same patient. The disease is self-limited, 
and the signs of overactivity become replaced by those of hypopituitar- 
ism, i. e., adiposity, somnolence, and sexual impotence. The structural 
changes (bone and connective tissue) are of course permanent. 

Hypopituitarism.— This is a much commoner comlition than hyper- 
pituitarism, but the clini(‘al manifestations are more varied and con- 
fusing, and the lesions to which the deficiency of pituitary secretion 
may be due are correspondingly varied. Tliree fairly well-defined 
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types may be recognized, named respectively the Frohlich type, the 
Simmonds type, and the Lorain type. 

The Frohlich syndrovie, which is the common form, is a dystrophia 
adiposo-genitalis that commonly develops about the time of puberty, 
but may appear later in life. Depression of the sexual function is the 
earliest and most constant symptom. There is amenorrhea in the 
female, due to absence of the hormone which stimulates ovarian 
function, and loss of libido in the male. The sexual organs remain 
undeveloped or atrophy. Of equal importance is atrophy of the skin 
and hair, in striking contrast to what is found in acromegaly. The 
skin is thin, delicate, smooth like a child's and dry. This is due to 
atrophy of the dermal connective tissue. The hair of the head is 
normal in amount but soft and fine; the facila, axillary and pubic hair 
is scanty; the skin of the trunk and legs is hairless. After the age of 
thirty-five years the soft skin becomes finely wrinkled owing to the 
lack of fibrous tissue in the dermis. Adiposity may be very marked 
or may be absent. When the condition dev^elops in an adult male, 
deposits of fat in the breasts, hip, buttocks, and lower abdomen give 
the figure a distinctly feminine cast. Sudden fluctuations of weight 
are characteristic. The basal metabolic rate is usually low\ ^lental 
dulness of varying degree is common. Sugar tolerance is not really 
high as is commonly supposed, for after the administration of glucose 
the blood-sugar curve takes an unusually long time to return to normal 
owing to the general slowing up of metabolic processes, but glycosuria 
never occurs, so that in that sense the patient has a good augar toler- 
ance. A variation of this syndrome is the adipose type, illustrated to 
perfection by the Fat Boy in Pickwdek. His face is round and chubby, 
his mind is slow, and he is ready to drop asleep at a moment’s notice. 

Another rare and remarkable variation of the Frohlich type is known as 
the Lawrence- Biedl syndrome. This is characterized by a strong familial 
tendency, adiposity, genital dystrophy, mental deficiency, retinitis pigmentosa, 
and polydactylism. A patient with adiposity, partial blindness, and six fingers 
or six toes is easily recognized as belonging to this group, especially when it 
is found that other members of the family present the same condition. 

2. The Simmonds syndrome may develop in adult life or in childhood. Both 
are examples of premature senility or progeria. When the disease appears in 
childhood the patient remains a dwarf. A person suffering from pituitary 
old age presents a remarkable clinical picture, for a child of ten may have 
the aspect of a decrepit old man. There is a general microsplanchnia, all the 
organs being small and under weight in contrast to the large heavy organs of 
acromegaly. The atrophy may affect the thyroid causing thyroid insufficiency 
(myxedema), or the adrenals causing adrenal insufficiency. Extensive ische- 
mic necrosis of the anterior pituitary is not uncommon in women during delivery 
due to thrombosis of the pituitary vessels caused by collapse after severe hem- 
orrhage (Sheehan). It is probable that such necrosis is the usual cause of 
Simmonds’ disease in adults. The clinical picture described above is an ex- 
treme one, and in cases with slighter degrees of pituitary necrosis there may be 
neither emaciation nor premature senility, but such features as amenorrhma, 
breast atrophy, easy fatiguability, and symptoms of mild myxedema. 

3. In the Lorain type the patient is bright mentally, but remains small 
and undeveloped sexually. When he grows up he remains like a graceful and 



TUMORS OF THE PITUITARY GLAND 


789 


attractive child. Peter Pan might be placed in this group. This type may 
be called pituitary dwarfism, just as the Sunmonds type may be called pituitary 
senility. 

The lesions in hypopituitarism are varied. The usual organic cause 
is craniopharyngioma. Such tumors press upon the hypothalamus as 
well as upon the pituitary, and as they are congenital in origin and 
usually develop early in life, they cause some of the most extreme 
forms of adiposogenital dystrophy in children. Chromophobe-adenoma 
of the pituitary may sometimes be responsible This seldom develops 
before the age of twenty years, and therefore fails to explain the cases 
occurring in childhood. As the adenoma is often confined to the sella 
and therefore may not press on the hypothalamus, adiposity may be 
slight or absent. Another not infrequent lesion is a suprasellar tumor, 
cither a glioma of the chiasma or the much commoner craiiio-pharyngi- 
oma. Such tumors press upon the hypothalamus as well as upon the 
pituitary, and as they are congenital in origin and usually develop 
early in life, they cause some of the most extreme forms of adiposo- 
genital dystrophy in children. A much rarer group is that of pituitary 
infarction or ischemic necrosis (Simmonds), where the primary lesion 
is a vascular occlusion. Many of these cases of pituitary old age have 
been attributed to puerperal sepsis. In other cases nothing is found 
beyond a hypoplasia of the pituitary, which is indicated clinically by 
the very small size of the sella turcica. In addition to these gross 
organic causes there can be little doubt that in many, indeecl the 
majority of cases, there is no tumor nor necrosis, but merely a hypo- 
function of the gland, often temporary in character, as a result of 
which there may be some retardation of growth, lack of sexual develop- 
ment, or undue adiposity, all of which may be remedied in the course 
of a few years. 

Dyspituitarism,— This name is given to those cases which present 
a mixed picture, in part suggesting hyperfunction and in part hypo- 
function. The patient may be fat and hairless, and yet may have large 
accessory nasal sinuses, prominent supra-orbital ridges, and other 
stigmata of acromegaly. In some of these cases a mixed type of tumor 
(chromophil chromophobe) is found; others are examples of over- 
activity followed later by underactivity. 

TUMORS OF THE PITTHTARY GLAND 

A tumor of the pituitary is an adenoma, usually innocent, rarely 
a malignant adenoma. It may be debated whether the common 
adenoma is a true tumor or merely a glandular hyperplasia, but from 
the practical standpoint it must be regarded as a tumor, the most 
serious effect of which is often the pressure which it produces. Pituit- 
ary adenomas may be divided into three types: (1) chromophobe, 
(2) acidophil, and (3) basophil. 

Chromophobe Adenoma. — This is much the commonest form of 
pituitary tumor. The chromophobe cells are non-granular, so that the 
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cells of the tumor appear clear. Most of these tumors show a very 
characteristic alveolar grouping, with fibrous septa between the groups 
(Plate XXll), but in some the cells are arranged diffusely. The 
type of tumor can usually be recognized by this alveolar arrangement 
without having recourse to a special study of the granules. The 
tumors about to be described are those which produce symptoms 
either local or general. Aluch more common are collections of cells 
which have been called subclinical adenomas (Costello), usually 
miliary or microscopic in size and producing no symptoms. The cell 
pattern differs from the normal and may be that of a convoluted 
papilloma or a compound tubular gland. These cell collections are 
not encapsulated. When symptoms are present they are those of 
pituitary insufficiency, similar to the changes produced in an animal 
when the anterior lobe is removed. Chromophobe cells are parent 
cells of eosinophils and basophils, and their overgrowth apparently 
gives rise to no positive symptoms. The negative symptoms of insuf- 
ficiency are the result of compression of the more actively functioning 
eosinophil and basophil cells. The adenoma often remains confined 
to the sella, causing interference with skeletal and sexual development. 
If it breaks through the membranous roof and presses on the tuber- 
cinereum, hypothalamic adiposity will be superadded. 

Acidophil Adenoma.- The eosinophil adenoma is a good deal less 
common. It is composed of cells filled with red-staining granules 
(llate XXIII), the cells arc large and often multinucleated, and they 
are arranged diffusely, with complete absence of the alveolar grouping 
so characteristic of the chromophobe adenoma. The eosinophil cells 
are concerned with skeletal growth, so that the tumor is associated 
with the syndrome of overgrowth, L e., gigantism or acromegaly. The 
acidophil adenoma may gi\’e rise to the ncnirest approach to pure 
hyperpituitarism (skeletal overgrowth, connective-tissue hyperplasia, 
hypertrichosis, glycosuria, increased metabolic rate), but later in the 
disease insufficiency symptoms become apparent. It has already 
been remarked that the tumor found at autopsy is often a chromo- 
phobe adenoma, but it is probable that it was acidophilic in type in 
the earlier phase of the disease. 

Basophil Adenoma. ' -This is by far the rarest form of j)ituitary 
adenoma. It is small in size, aiul consists mainly or wholly of baso- 
phil c(*lls. In 1932 Cushing descTibed a highly characteristic clinical 
picture, since known as (hinhing's syndrome, marked by the following 
features: (1) painful adiposity which is confined to the face, neck and 
trunk, but spares the limbs (buffalo type of obesity); (2) hirsutism 
of the face, neck and trunk in females, preadolescence in males; (3) 
dusky plethoric ai)pearance; (4) peculiar striations of the skin which 
give the abdominal wall, both male and female, an appearance of 
pregnancy; (5) sexual dystrophy (aincnorrhoea in females, impotence 
in males) ; (0) kyphosis of the upper thoracic spine; (7) vascular hyper- 
tension; (8) a tendency to diabct(*s, as well as other features which 
will be found in Cushing s original paper. 



PLATE XXII 



Chromophobe Adenoma of Pituitary. 

'J'h(' colls show !i definite .iKcol.ir /zioiiiniijr. J''f>iir acidophil cells ate i>ie.seMt. 







PLATE XXIll 



Eosinophil (Acidophil) Adenoma Pituitary. 

The cvtopla.**!!! of the cells is intensely red compared with that of the led hlood cells in the 
capillanes. The arrantrement is innch mon* dilTiiso than in the chromophobe arlenoma. 
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Cushing attributed this remarkable clinical picture to a basophil 
adenoma of the pituitary which was present in a number of his cases. 
It is now known that this idea is erroneous. Basophil adenomas are 
often found unassociated with the syndrome, and the syndrome occurs 
apart from basophil adenoma. 1 here is, however, one constant finding 
in the pituitary, namely a hyalinization of the basophil cells with 
disappearance of their granules, first described by Crooke in 1935. 
Instead of the condition being a manifestation of overactivity of the 
basophil cells (basophilism), it appears rather to be the result of in- 
activity of these cells (Heinbecker). The hyalinization is an indication 
of such hypof unction. Loss of the basophil cells leads to regressive 
changes in the thyroid, gonads and islets of Langerhans, which are 
probably responsible for some of the protean manifestations. The 
occurrence of small basophil adenomas may indicate merely an attempt 
to compensate for the depressed basoi)hil function. Heinbecker, in an 
excellent review of the subject, points out that at least three primary 
lesions may be precursors of tlie all-important hyalinization of the 
basophil cells; these are (1) a tumor of the adn^nal cortex, (2) a tumor 
of the thymus, and (3) atrophy of the nuclei of the hypothalamus. 
Experimental lesions of the hypothalamus in the dog are followed by 
marked loss of basophil cells wdth degenerative changes in the remain- 
ing basophils. 4^ic most frequent primary lesion is a tumor (usually 
a benign adenoma) or hyperplasia of the adrenal cortex. Every case 
of Cushing’s syndrome should therefore be explored for adrenal tumor. 

Malignant Adenoma, -'^rhis is a rare condition. In Cushing’s scries 
there were only 3 malignant tumors compared with 159 innocent ones. 
The tumor destroy s the base of the skull, bursts through the roof of 
the sella, and invades the floor of the third ventricle, '^riie cells, which 
are of the chromophobe type, are grouped in irregular masses. 

Neighborhood Symptoms . — The effects of a pituitary tumor may be divided 
into general tumor symptoms, endocrine symptoms, and ncighl)orhood symp- 
toms. The first group comprises the symptoms of cerebral tumor in general, 
particularly increased intracranial pressure. If the tumor is small and con- 
fined to the sella these symptoms will he absent. The endocrine symptoms 
have already been discussed. The neighborhood symptoms are caused by 
pressure on neighboring structures. Pressure on the optic nerve causes optic 
atrophy of the primary type. The most characteristic pressure symptom is 
bitemporal hemianopsia due to compression of the inner fibers of the optic 
chiasma. There may be pressure on the hypothalamus with production of the 
hypothalamic syndrome (adiposity, polyuria). This is more likely to be 
caused by a chromophobe than r ehromophil adenoma, as the latter remains 
confined to the sella long after the development of symptoms of hyper- 
pituitarism. The sella is always expanded by the tunmr, and may be markedly 
ballooned, with absorption of the idinoid processes. 

Graniopliaryngiomas.— Tumors of Uathke’s pharyngeal pouch or 
the hypophyseal duct, conveniently called craniopharx ngeal tumors, 
arise from vestigial remnants of the epithelial tract from which the 
anterior lobe of the pituitary is originally formed. They arc usually 
suprasellar tumors, but may originate and be confined within the sella. 
They may be quite minute, about the size of a pea, or may form huge 
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calcareous masses as large as a tennis ball. The tumor usually appears 
under the age of fifteen years, and attains a much larger size than the 
average pituitary adenoma. Cystic degeneration and calcification of 
the wall of the cyst are common, and suprasellar calcification (a:-ray) 
is a clinical sign of great value. The tumor may compress the pituitary, 
causing retardation of growth, but the most marked symptom may 
be adiposity due to pressure on the hypothalamus. The most typical 
form of Frdhlich’s syndrome in tumors is produced by Rathke pouch 
tumors. Microscopically the tumor is usually an epidermoid carci- 
noma, but it may be a basal-cell cancer of the adamantinoma type. 
Cystic degeneration is common, and the entire mmor may be con- 
verted into a cyst. 

Dermoid Tumors.— Dermoid tumors are of rare occurrence in this region. 
They are due to invagination of the cranial epidermis during closure of the 
neural canal. 

Congenital AnomaJies.—The anterior lobe of the pituitary is formed from 
a diverticulum from the roof of the buccopharyngeal junction. A remnant 
of this process is practically constant under the pharyngeal mucosa, where 
it is known as the pharyngeal hypophysis. Other remnants may be left along 
the course of the craniopharyngeal canal where they may give rise to the 
craniopharyngiomas. Congenital hypoplasia of the gland is found in various 
types of dwarf. 
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CHAPTER XXIX 


THE LYMFHOW STRUCTURES 

THE SPLEEN 

Descriptive Outline. — In describing the spleen consider the size, weight, 
color, consistence, and cut surface. The size varies much within normal 
limits, depending on age, physiological state, etc. The average length is 
about 12 cm., the breadth 7 cm., and the thickness 3 cm. In old age the 
spleen becomes atrophic, and the shrinking of the organ leads to wrinkling of 
the capsule which is also thickened. The weight is 150 to 200 grams. The 
color is a reddish-purple. The consistence is pliable (not really soft) and some- 
what friable. On the cut surface the fibrous trabeculaj are seen as thin white 
lines, and the Malpighian bodies as pale gray spots about 1 mm. in diameter. 
In the senile spleen the fibrous framework is greatly increased. The micro- 
scopic study of the spleen is difficult for the student and also for the expert. 
The picture is confused and nothing appears to be clean cut. It will help 
if attention is paid to the following: (1) lymph follicles (Malpighian bodies) 
together with the arterioles which they surround, (2) pulp, (3) sinusoids, and 
(4) trabeculae. The arterioles frequently show a hyaline thickening, especially 
with advancing years; this is of less pathological significance in the spleen than 
in any other organ. The sinusoids can hardly be seen in health; in disease 
they may be dilated and the lining cells become prominent. The normal tra- 
becula? are often mistaken by the student for pathological fibrosis. 

Physiology. ““It is usual to regard the spleen as a great reticulo- 
endothelial sponge with a supporting framework of trabeculae and 
reticulum and a certain amount of lymphoid tissue superadded. Such 
a structure is designed to detain and alter the blood which slowly 
percolates througli it. When the blood has traversed the arterioles 
it flows out into the wide marsh of the splenic pulp, from which it is 
collected into venous sinusoids. The walls of these sinusoids are 
fenestrated in a remarkable manner so that the cells wandering through 
the pulp may enter these venous channels in the freest manner. The 
effect of the whole arrangement is to bring the cells of the blood into 
the most intimate contact with the elements of the reticulo-endothelial 
sponge. 

A rather different conception of splenic idiysiology is afforded 
by Knisely’s direct microscopic observations of living transilhiminated 
mammalian spleen. By this technique the sinusoids appear to be 
separated by partitions of pulp and lined by w^alls which are readily 
permeable to fluid and colloids but not to red blood cells. There seems 
to be a phase of storage of blood and a phase of flow, the flow being 
regulated by sphincters situated on the arterial and venous sides of 
the sinusoids. The cycle begins with closure of the sphincter on the 
venous side, as a result of which the sinus becomes distended with 
blood and fluid passes through the wall into the pulp. Wlien the sinus 

(793) 



794 


THE LYMPHOID STRUCTURES 


is completely distended with red cells the sphincter on the arterial 
side shuts, and the corpuscles lie free from plasma for a varying period, 
sometimes up to ten hours. The sphincter on the venous side then 
opens, and a soft mass of red cells passes into the vein. During the 
phase of storage or separation the erythroc>’te-plasma interface is 
profoundly changed, as a result of which the cells become spherical 
instead of biconcave and are therefore more readily heinolyzed. The 
importance of these observations becomes evident when hemolytic 
anemia is considered. Knisely clauns that many of the appearances 
seen in microscopic sections, such as infiltration of the pulp with red 
cells and slits in the sinus wall through which cells can pass, are due 
to rapid agonal changes. 

The suggested functiom of the spleen are varied. These are: (1) a 
filter for bacteria and the iron of worn-out erythrocytes; (2) a former 
of antibodies: (3) a manufacturer of blood in conditions such as 
pernicious anemia and osteosclerotic anemia; (4) a reserxoir or bank 
for red cells, undoubtedly true for certain animals, but doubtful in 
the case of man. 

INFECTIONS OF THE SPLEEN 

Acute Splenitis. — There is no organ which can so r€a])idly change 
its size as the spleen. The normal spleen weighs about 150 grams, but 
in acute infections it soon becomes two or three times that size. It is 
not likely to be palpable until it is about three times the normal size, 
especially if it is soft. This acute enlargement is often called acute 
splenic swelling or acute splenic tumor. The most striking exajnples 
are shown by what may be termed the septic spleen y which is seen in 
pneumonia, septicemia, acute endocarditis, and other acute infections. 
It is enlarged, often very soft, and of a grayish-pink color. The pulp 
swells up in a pouting fashion on the cut surface, and is so soft that 
it can be wiped aw’ay with the knife. The softest spleens arc seen in 
septicemia and pyemia. The swelling is due partly to enormous 
numbers of cells trapped in the pathless forest of the pulp, i)artly to 
local proliferation. Rich and his associates have shown by motion 
j)icture studies of tissue cultures that the large, basophilic, mono- 
nuclear cells which predominate have the same method of locojiiotion 
as lymphocytes, and are therefore probably lymphoid in character. In 
typhoid fever the spleen is enlarged so as usually to be palpable, soft, 
anfl deep red in color. The cut surface may resemble red jelly. 'Die 
splenic pulp and sinuses are crowded with red blood corpuscles, to- 
gether with large numbers of the macrophages characteristic of typhoid 
infection. Many of the macrophages contain erythrocytes which have 
been phagodytosed. In diphtheria and other acute infections iif child- 
hood there may be marked swelling of the lymph follicles s(» that they 
become visible to the naked eye. 

Tuberculosis. --Tuberculosis of the spleen is of little importance. In gen- 
eral miliary tuberculosis the spleen is enlarged and may be studded with 
tubercles, which are easily mistaken for enlarged lymph follicles. Occasionally 
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large caseous masses are scattered throughout the spleen causing marked 
enlargement of the organ. The primary lesion in the lung or lymph nodes 
may be so small and Quiescent that it is readily overlooked, and the condition 
is described as primary tuberculosis of the spleen. A large solitary tubercle 
(tuberculoma) is of very rare occurrence. 

Syphilis. In congenital syphilis the spleen is frequently enlarged and 
contains large numbers of spirochetes. The condition is often associated 
with marked anemia. Syphilitic enlargement of the spleen is rare in adults 
and difficult to diagnose. It may be due to the formation of gummata, but 
more often the only change found is a diffuse fibrosis. 

Malaria. — Enlargement of the spleen is one of the commonest lesions in 
malaria. In an acute attack the spleen is moderately enlarged and soft, but 
as a result of long-continued infection it becomes greatly enlarged and very 
hard {q^m-cake spleen). In malarial districts the greater part of the popula- 
tion may have enlarged spleens, giving the children in particular a pot-bellied 
appearance. 

Elala-azar. — Kala-azar is a common cause of splenomegaly in the tropics. 
The spleen is very greatly enlarged, fibrosis is marked, and the pulp is filled 
with macrophages containing the T^eishman-Donovan parasites which have 
already been described in Chapter VIII. The parasites are readily demon- 
strated by means of splenic puncture. 

Amyloid. - -The splenic lesions have already been described in connection 
with amyloid disease (Chapter II). The spleen is much enlarged, elastic, and 
very firm. The common lesions affect the arterioles of the lymph follicles, 
but the fibrous reticulum is sometimes involved. The disease is almost never 
confined to one organ. 


CHRONIC SPLENOMEGALY 

It is impossible to make any satisfactory classification of the chronic 
enlargements of the spleen, as so little is known regarding their real 
nature, but we may recognize disease conditions affecting the prin- 
cipal elements of wliich the organ is composed, i, e., lesions of the 
vascular structures, the reticulo-cndothelial structures, and the lym- 
phoid structures. In the first group we have splenic anemia and 
infarction, the second group includes Gaucher’s disease, Niemann- 
Pick’s disease, hypercholesterolemic splenomegaly, and hemolytic 
jaundice, wdiile in the third group there are the leukemias. 

Splenic Anemia. —This is an example of what Eppingcr calls hepato- 
splenic (hepato-lienal) fibrosis, an excellent terra indicating that the 
liver and spleen form a unitary system either or both members of 
which may be the seat of unexplained fibrotic lesions. When the 
liver is principally affected the condition is called cirrhosis. When 
the main lesions are in the spleen the condition is called splenic anemia. 
Bantis (Ivsease is a name which has long been applied to those cases 
in which there is first enlargement of the spleen with anemia and 
leucopenia, followed later by cirrhosis of the liver with ascites and a 
tendency to gastric hemorrhage. This association is so variable and 
the clinical picture is so indefinite that little is to be gained by pre- 
serving the name. One may speak of the Banti syndrome, but it is 
certainly not a separate disease entity. The development of clinically 
evident cirrhosis of the liver in splenic anemia is an uncommon occur- 
rence. The ordinary case displays a characteristic triad of symptoms. 
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i, splenomegaly, secondary anemia and leucopenia, and gastric 
hemorrhage. 

The nature of the condition has long been a matter for discussion. 
Banti’s view that the splenic condition was primary has become unten- 
able, in spite of the fact that removal of the spleen may sometimes cure 
the condition. This is true of other diseases where the changes in the 
spleen cannot be regarded as fundamental (hemolytic jaundice, throm- 
bocytopenic purpura). Evidence is accumulating that splenic anemia 
is a vascular disturbance of the spleen due to high portal blood- 
pressure. There is a valvular mechanism in the splenic arterioles at 
the point where they end in the ellipsoids, so that the back-pressure is 
not transmitted to the splenic artery, but makes its effects felt on the 
splenic pulp. The question of how much the spleen will enlarge 
depends a good deal on the age of the patient, marked enlargement 
occurring more readily in young persons. The cause of the heightened 
portal pressure is a matter of uncertainty; indeed it must be under- 
stood that the idea itself is still hypothetical. Cirrhosis of the liver 
is a sufficient cause, but splenomegaly usually develops long before 
there is any indication of cirrhosis. Measurements of the diameter 
of the branches of the portal vein in the liver show that there muy 
be considerable narrowing with little or no cirrhosis in the ordinar\' 
sense of the word. Other causes of portal back-pressure are thrombosis 
of the portal or splenic veins, and vasodilatation of the hepatic arter\'. 
It is possible that in some cases the primary lesion may be in the 
spleen, a fibrosis of the Malpighian arterioles which are known to 
regulate the blood flow through the spleen. This would allow too much 
blood to enter the spleen, with resulting congestion and fibrosis. 

Lesions.— The spleen is much enlarged and very firm. The average 
weight is 800 to 900 grams. The capsule is thickened, and the cut 
surface, from which no blood escapes, has a fibrosed or beefy appear- 
ance. The microscopic lesions are similar to the changes found in 
portal cirrhosis. The chief features are dilatation of the sinuses and 
thickening of the fibrous framework of the organ. (Fig. 395.) The 
fibrosis is periarterial in origin, extending throughout the reticulum, 
and finally involving the main trabeculae. The arteries usually show 
hyaline degeneration, but this change is of such common occurrence 
beyond the first decade that it has no special significance. Periarterial 
hemorrhages are frequent. A common finding is the presence of 
3 'ellowish-brown flecks like flakes of tobacco leaf on the cut surface. 
Microscopically these may present a peculiar filamentous appearance, 
so that the lesions have been mistaken by some observers for the 
mycelia of fungi. The filaments are merely elastic fibers on which 
iron has been deposited, and the so-called fructification organs of the 
supposed fungi are pale green crystals jointed together like a bamboo 
cane. In addition to the filaments and crystals there are masses of 
hemosiderin, some of which is intracellular and some extracellular, 
together with giant cells and deposits of calcium. The whole mass 
gives an intense reaction for iron, and may be called siderotic nodule. 
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(Fig. 396.) These nodules are probably caused by hemorrhage at the 
point of termination of the arteriole in the ellipsoid where there is a 
valvular arrangement, so that raised portal blood-pressure may cause 



Fig. 395.--Banti’s disease. General fibrous thickening of splenic reticulum and 
dilatation of the sinuses. X 250. 


rupture of the vessel at this point (McNee). The hemorrhage is fol- 
lowed by organization and fibrosis. Much of the iron-containing blood 
pigment is carried away by phagocytes, but some may be taken up 
by fibroblasts. These cells proliferate and lay down collagen fibers, 



Fn. 396. — Siderotic nodule in spleen. The bamboo-shaped crystals are very 
characteristic. X 1000. 

and in this way the splenic reticulum becomes more and more fibrosed. 
All cases of splenic anemia do not show siderotic nodules, nor are the 
nodules confined to this disease. Their great importance lies in the 
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fact that they indicate an increase in the portal blood-pressure, which 
is the chief cause of the hemorrha^ijes. The nodules are also found 
in the intensely congested spleen of hemolytic jaundice, in which 
hemorrhage may readily occur. 

Degenerative changes in the splenic vein and portal vein are of 
common occurrence, and there may be thrombosis. '^Fhese lesions are 
probably secondary to heightened portal blood-pressure. If they arc 
sufficiently great they may produce some of the splenic changes. 
Iliickening of the wall (phlebosclerosis) , endophiebitis, atheromatous 
change, and calcification are the chief lesions. The vein may be greatly 
distended, and huge collateral channels may connect the spleen with 
the stomach and diaphragm. The liver may or may not show cirrhosis 
of the portal type, but even when there is no cirrhosis it is probable 
that there is narrowing of the terminal branches of the portal vein. 

The Relation of Symptoms to Lesions. The enlargement of the spleen is 
probably the result of the increased portal pressure, which causes the dilatation 
of the sinuses, the hemorrhages, and indirectly the fibrosis. The gastric 
hemorrhage, one of the most constant and often one of the earliest of tlio 
symptoms, can best be explained by the same mechanisnn These hemor- 
rhages are analogous to the siderotic nodules in the spleen. In the former 
the blood escapes on a free surface, while in the latter it is imprisoned within 
a solid organ. The cause of the anemia is unknown. The anemia, usually 
associated with leucopemia, is not of the hemolytic type, for there is no evidence 
of undue hemolysis, and the fragility of the red cells is not increased. It may 
not develop until long after the splenomegaly has been detected, but it aj>pears 
to be related to the lesions in the spleen, for splenectomy may cure the (iis('as(^ 
if it is not too far advanced. Tlie gastric hemorrhages may contributt' to 
the condition, but cannot account for all the cases. Possibly tliere is a con- 
dition of hypersplenism, as a result of which the erythrocytes are injured, but 
this is a pure guess. Indeed we cannot say for certain if there is such a thing 
as hypcrspleni.sm, though it appears probalde. It must be remembered tliat 
in portal cirrhosis of the liver a progressive anemia is the rule. The three 
conditions which are most benefited by splenectoniy are hemolytic jaundice, 
thrombocytopenic purpura, and splenic anemia. 

Infaxction. " An infarct of the spleen may be caused in tlu' usual 
way by embolic occlusion of the artery. If the embolus is infectc'd 
an abscess will be formed in the spleen. Or it may develop as tlu* 
result of vascular disturbances in the spl(*en (thrombosis of the splenic 
vein) in such conditions as splenic anemia and h'ukcmia, and injury 
to the organ, especially rupture. It i)res(uits the usual characters of 
an ischemic infarct, but in addition siderotic nodules may be ])r(*sent. 
The infarct reaches the surfaci* and involv('s the surface, in contrast 
to infarct of the kidney where a thin rim of iminvolved tissue s(‘parales 
the infarct from the caj)suh‘. This explains why ])ain is a symptom 
more characteristic of splenic; infarct than of renal infarct. 

Chronic Congestion.— The spleen may become conge.sted and en- 
larged either as the result of mitral valvular disease or of portal 
ob.struction from c*irrhosis of the liver. The enlargement in mitral 
disease is much less than in cirrhosis, bc'caiise the liver serves to take 
up the back-]>r(‘ssnre, only a small pro|)ortion of whirh r<'ach<‘s the 
spleen, .so that the (‘iilargcnauit can sc'ldcan be detected clinically. 
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The cardiac spleen is about double the normal size (normal weight, 
loO grams), dark, and very firm owing to a gradually increasing fibrosis. 
The sinuses are distended, the pulp infiltrated with red blood cells, 
and the fibrous reticulum much increased. The lymphoid tissue tends 
to disappear. No siderotic nodules are found in this condition. 

Gaucher’s Disease.— This rare condition is a disorder of the reticulo- 
endothelial system. It commences in early life, usually in Hebrews, 
and is sometimes familial. There is an extreme degree of splenomegaly, 
moderate enlargement of the liver, some secondary anemia and rather 
pronounced leucopenia, a brownish-yellow coloration of the skin, and 
yellow wedge-shaped patches in the conjunctiva on each side of the 
cornea. Splenic puncture shows the very characteristic large, pale 
(Jaucher cells. Roentgen-ray examination shows rarefaction of the 
bones, flattening of the head of the femur, and a fusiform expansion 
of the lower end of that bone. As the vertebrae are involved in the 
rarefaction, the stature may be stunted. 



Fig. 397. — Gaucher’s disease. X 315. 

The spleen miiy be enormous, filling the greater part of the abdomen. 
White spots are scattered over the surface, and these consist of very 
large, peculiarly pale cells filled with lipoid. (Fig. 397.) These are 
the Gaucher cells, and represent the reticulo-endothelial cells of the 
organ filled with the cerebroside, kerasin. It stains feebly with the 
ordinary fat stains (SucIlii, Scharlach), but intensely with Weigert’s 
method designed for the more complex lipoids. It is the swelling of 
these cells which causes the great enlargement of the spleen. The 
lesions are not confined tc^ the spleen, but are found also in the liver, 
lymp nodes, bone-marrow, and other parts of the reticuloendothelial 
system. The anemia and leucopenia are caused by the bone-marrow’ 
lesions. In one form of Gaucher’s disease the lesions are mainly osseous. 
All the affected members of a family may suffer from this form. Pick 
mentions a family in which five brothers developed skeletal lesions. 
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Scarcely a bone in the body may be spared. The disease is an example 
of lipoid storage by the cells of the reticulo-endothelial system. The 
basis of the condition is a disturbance of lipoid metabolism, the nature 
of which is at present unknown. Other examples of abnormal lipoid 
storage are Niemann-Pick’s disease, Schiiller-Christian’s disease, and 
hypercholesterolemic splenomegaly. 

Niemaim-Pick's Disease. — This is an even rarer condition than Gaucher's 
disease, of which it may be regarded as a variation. It is a familial condition, 
occurring nearly always in Jewish infants, and the child docs not live beyond 
the second year. In addition to involvement of the spleen, liver, lymph nodes 
and bone-marrow as in Gaucher's disease, the characteristic lipoid-filled cells 
are found in tlie adrenal, pancreas, thymus, intestinal mucosa, lung, brain, and 
renal glomeruli. The histiocytes as well as the endothelial and reticular cells 
are involved, so that it is a true lipoid histiocytosis. Many epithelial cells 
may contain the lifK)id, e. g., thyroid and kidney, and the monocytes of the 
blood may also be filled with this material. Widespread involvement of the 
ganglion cells of the brain and retina is the basis of amaurotic fainilj’^ idiocy. 
The lipoid differs from that of Gaucher's disease in being a phospholipid, 
namely sphingomyelin. 

Schiiller-Christian's Disease. -This very rare condition is characterized by 
defects in the membranous bones, especially the skull, exophthalmos, and 
diabetes insipidus — at first sight a curious mixture. It is a disturbance of 
lipoid metabolism in young people, with nodular yellowish-brown deposits of 
cholesterol and its casters in the white fibrous tissues and especially in the 
periosteum and dura mater. These deposits take the form of xanthoma or 
xanthomatosis with giant-cell formation. The bone defects are due to erosion 
caused by the periosteal deposits, the exophthalmos to deposits in the orbit, 
and the diabetes insipidus to deposits around the pituitary. The pituitary 
lesion may also cause dwarfism. 

Gaucher's disease, Niernann-Pick's disease, and Schiiller-Christian's disease 
are all examples of lipoid storage, but the lipoid is different in each case. In 
Gaucher's disease it is a cerebroside (kerasin), in Niemann-Pick’s disease 
it is a phospholipid (sphingomyelin), and in Schiiller-Christian's disease it is 
cholesterol and cholesterol ester. It has been suggested (Thannhauser) that 
Gaucher's disease and Niemann-Pick's divsease are true exami)les of lipoid 
storage due to hyperlipemia, whereas Schuller-Christian's disease is a primary 
essential xanthomatosis not dependent on and unconnected with hyperlipemia 

Hemolytic Jaundice.— This condition is considered in connection 
with diseases of the blood, but brief reference may be made to the 
condition of the spleen. The spleen is moderately enlarged, deep red 
in color, and the pulp is filled with red blood cells to an incredible 
degree, so that all traces of splenic structure disappear unless the spleen 
is drained of blood before being fixed. When this is done it is seen 
that the sinuses are relatively empty. If the spleen is removed in the 
active stage of the disease it is found to contain a great amount of 
hemosiderin, for the most part within the reticulo-endothelial cells. 
During the inactive stage there is little or no pigment. In this disease 
there is evidently a great increase in the phagocytic activity of the 
reticulo-endothelial cells, although the essence of the condition is an 
increased fragility of the erythrocytes, and the splenic enlargement is 
due to hypertrophy of these phagocytic cells as well as to accumula- 
tion of blood in the splenic pulp. 
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Hodgkin’s Disease. — The spleen is constantly enlarged in Hodgkin’s 
disease, but as it is a disease of the entire reticulo-endothelial system, 
involving liver, lymph nodes, bone-marrow, etc., it is more conveniently 
considered in connection with disorders of that system. 

Leukemia.— The spleen is involved in both forms of leukemia, but 
the lesions will be considered in connection with diseases of the blood. 
Infarcts are not uncommon. 

General Review of Splenic Enlargements.— Enlargement of the 
spleen may be due to very different causes. The spleen is a contractile 
sponge, which may rapidly undergo marked variation in size. (1) In 
acute splenic swellings there is a great accumulation of inflammatory 
cells in the pulp, to which is probably added proliferation of the local 
endothelium. (2) The splenomegaly of hemolytic jaundice is char- 
acterized by an enormous accumulation of red blood cells in the splenic 
pulp, but the condition must be regarded as a reticulo-endothelial 
rather than a vascular disorder. (3) In polycythemia vera the spleen 
is moderately enlarged and firm owing to an accumulation of the 
excess red cells in the splenic reservoir. There may be cystic spaces 
filled with blood. (4) Splenic anemia appears to be due to vascular 
disturbances in the spleen caused by back-pressure in the portal and 
splenic veins. (5) The splenic enlargement of portal cirrhosis and the 
much lesser enlargement in chronic valvular disease of the heart is due 
to a similar cause. The increase in the fibrous reticulum which occurs 
in these conditions may be responsible for some of the enlargement. 
(6) The enlargement of amyloid disease is due to the great swelling of 
the individual connective-tissue fibers. (7) In the lymphoblastoma 
group (Hodgkin’s disease, lymphosarcoma and leukemia), there may 
be hyperplasia both of the lymphoid and the reticulo-endothelial struc- 
tures in the spleen. (8) The lipoid storage diseases (Gaucher’s disease, 
Niemann-Pick’s disease, and hyj)ercholesterolemic splenomegaly) form 
a group in which distention of the reticulo-endothelial cells with lipoid 
is attended by great enlargement of the spleen. (9) The splenomegaly 
of kala-azar and possibly of malaria is due to a reticulo-endothelial 
proliferation. (10) The moderate enlargement in pernicious anemia 
may be due to myeloid transformation of the pulp. 

OTHER LESIONS OF THE SPLEEN 

Tumors. - Tumors of the spleen are curiously rare. Many primary tumors 
have been described, but the only ones which deserve mention are hemangioma 
and lymphangioma. As the spleen plays the part of a filter it might be expected 
that secondary carcinoma would be very common. On the contrary it is com- 
paratively rare. Almost every organ may be the seat of secondary growths, 
yet the spleen may remain free. This is in striking contrast to other reticulo- 
endothelial organs such as the lymph nodes and bone-marrow. Tumor cells 
are undoubtedly arrested, but they are evidently unable to grow and multiply, 
so that they die out. The usual site of the primary tumor is the breast, the 
next most coimnon being the lung. 

Cysts. -Cysts of the spleen are rare. Primary cysts of unknown origin may 
occur. Echinococcus cysts are less uncommon in countries where the disease 
prevails. Hemangioma and lymphangioma may cause cystic formation. 

51 
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Atrophy. —The spleen becomes markedly atrophic in old age, and may be 
only one-third of the normal weight. Similar atrophy may occur in wasting 
diseases of long duration. The capsule is thickened and wrinkled, and the 
cut surface has a markedly fibrosed appearance. The lymphoid tissue dis- 
appears, and the pulp is atrophic. 

Perisplenitis.— Terisplenitis is a rather indefinite term which denotes fibrous 
thickening of the capsule, sometimes extreme in degree. It is seen in senile 
atrophy, and in some enlarged spleens the surface is covered with thick fibrous 
patches. The most extreme thickening is seen in Pick’s disease. 

Accessory Spleens.— Accessory spleens or spleniculi are common. Usually 
there is only one, sometimes two, but in rare cases several hundred have been 
present. This is a reversion to the primitive condition in which the splenic 
tissue is not collected into a definite organ, but is strewn throughout the sub- 
serous coat of the gastro-intcstinal tract. 


THE LYMPH NODES 

The lymph nodes are definite glanduLar collections of lymphoid 
tissue, but this tissue is also scattered widely throughout the body in 
the alimentary canal, liver, spleen, thyroid gland, etc. It follows that 
general disease of lymphoid tissue will not be confined to the lymph 
nodes. The nodes do not consist only of lymphoid tissue. They con- 
tain reticulo-endothelial cells, and it is by virtue of these cells that 
the nodes play the part of filters and tend to retain any irritants which 
may reach them in the lymph stream. The pathology of tlie lymph 
mxles is often peculiarly' difficult, because they possess a remarkable 
I)ower of reacting to an irritant by proliferation and hyperplasia of 
their cells, so that it may be almost impossible to tell if \ve are dealing 
with an inflammatory condition or a true neoplasm. It is therefore 
of the greatest importance that when a practitioner sends an excised 
lymph node to the pathologist for diagnosis, he should at the same 
time send all the clinical information available. Too often the speci- 
men is sent in without a word of history. This may be taken as subtle 
flattery for the omniscient pathologist, but it is actually an expression 
of culpable carelessness, and is grossly unfair to the patient who has 
entrusted himself to the practitioner. It may be noted that the 
inguinal nodes are the least suitable for biopsy (although often chosen 
for the sake of convenience), because they frequently show evidence 
of previous infection (from legs and genitalia) in the shape of fibrosis 
and distortion. The site from which the gland was taken must there- 
fore be stated. 

Lymph nodes, like the spleen and thyroid gland, respond to disease 
by enlarg(‘meiit. There are therefore many causes of lymph node 
enlargement, but the more important of these may be divided into 
four main groups: (1) inflammation, (2) chronic granulomas, (3) 
lymphoblastomas or malignant lymphomas, and (4) secondary tumors. 

INFLAMMATION OF THE LYMPH NODES 

Acute Lymphadenitis.— This is the result of virulent bacteria (staph- 
ylococcus, streptococcus) being arrested in the lymph node. The node 
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is enlarged, painful, and tender, the cut surface varies from pink to 
gray, and a milky juice can be scraped from the surface. The wirro^ 
scopic picture varies with the severity of the inflammation. If this 
is suppurative, the sinuses will be crowded with polymorphonuclear 
leucocytes, and patches of necrosis will be scattered through the gland 
which eventually is converted into an abscess.' It is comparatively 
seldom that the inflammation proceeds to suppuration. Usually the 
lesion clears up by resolution, and in such cases there is no necrosis, 
but merely marked hyperplasia of lymphoid and reticulo-endothelial 
tissue to which the enlargement of the gland is due. In typhoid fever 
there is a great proliferation of the endothelial cells lining the sinuses; 
these are cast off, and may completely fill the lumen of the sinus. 

It is the regional lyjiiph nodes 
which drain an area of acute in- 
flammation that develop acute 
adenitis. Some of the more im- 
portant examples are the follow- 
ing: occipital and superficial 
cervical glands infected from 
pediculosis and wounds of scalp 
and car, deep cervical glands 
fi-om t(^eth and mouth, lateral 
I)haryngeal glands from the 
pharynx with suppuration and 
the formation of a retropharyn- 
geal abscess, axillary glands from 
the hands, inguinal glands from 
the genitals, leg, or foot. In all 
of these instances there may be 
a chronic lymphadenitis if the 
infection is less acute in type. 

Chronic Lymphadenitis.— 

Uhroiiic enlargement of a lymph 
node occurs when the node drains 
a focus of chronic inflammation. 

The gland is moderately enlarged, 
firm and homogenous. Mwro~ Fig. 398.— Chronic lympliadcnitis. X 150. 
scopically the change is a pro- 
liferative rather than aji exudati\'e one. There is hyperplasia of 
the reticulo-endothelial cells, large numbers of the endothelial cells 
becoming swollen, rounded and cast off into the greatly dilated 
lymph sinuses, an appearance to which the name of sinm catarrh 
is given. (Fig. 398.) It may be noted in passing that lymphoid 
structures and hematopoietic structures in general respond to irrita- 
tion by hyperplasia, so that it may be very difficult to distinguish 
between inflammatory and neoplastic conditions. This is a matter of 
supretne importance in connection with the lymphoblastoma group. 
Chronic lymphadenitis is a very common condition. The cervical 
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group is most often involved, due to infection from the mouth, tonsils, 
and teeth. Infection of the leg or the male genitalia will cause enlarge- 
ment of the inguinal glands; infection in the lung, lesions in the 
bronchial glands, etc. 

Mesenteric Lymphadenitis. — In children and young adolescents there 
sometimes occurs an acute abdominal condition simulating appendicitis, 
diverticulitis, renal colic, etc., but in which the major finding at operation is 
inflammatory enlargement of the mesenteric lymph nodes in the ileocecal angle. 
In only a few cases can bacteria be demonstrated, and these are usually strep- 
tococci. Some of the cases are tuberculous. It is difficult to explain how the 
lesion in the lymph nodes gives rise to the clinical picture. Some of the symp- 
toms may be due to spasm of the bowel. 


CHRONIC GRANULOMAS OF THE LYMPH NODES 

Tuberculosis. -“Tuberculosis is one of the commonest causes of 
enlargement of lymph nodes. The three groups most commonly 
involved are the cervical, bronch ial, and mesenteric. The first is 
infected from the mouth andTEroat, usually the tonsils, the second 
from the lung, the third from the bowel. Mesenteric lymph node 
tuberculosis is likely to be caused by drinking tuberculous milk or 



Fig. .399. — Tuberculosis of a lymph node showing several large caseous areas in the 

enlarged node. 

swallowing tuberculous sputum. Although theoretically it is possible 
for the bacilli to pass through the intact wall of the bowel, in practice 
the more careful the examination the more often will an intestinal 
lesion be found. When the ileocecal group is involved in children 
there may be symptoms like those of acute appendicitis, L e., sudden 
onset of abdominal pain and rigidity, fever, vomiting, and a moderate 
leucocytosis. These symptoms are apparently due to spasm of the 
bowel. 
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discrete and &m, but when periadenitis 
occurs ^Eey become^matted tpgetEer. The cut surface shows tuber- 
culous areas which are at first gray and translucent, but later become 
yellow, opaque, and caseousT (Fig/ 3990"'The en^^^^ gland may 
eventually become caseous and break down, so that a mere shell is left. 
In this way a cold abscess is formed which discharges on the surface 
(best seen in the neck), with the establishment of persistent sinuses 
which finally heal with deep scar formation. It must not be'thought 
that this steady progression is the usual course. As a rule in response 
to appropriate treatment the condition clears up and does not go on 
to extensive caseation. 



Fig. 400. — A tubercle. Epithelioid cells form the principal part of the tubercle. X 250. 

The microscopic picture shows the usual tuberculous follicles com- 
posed largely of gg|ithelioid cells with a few giant cells. (Fig. 400.) 
Ill the caseous cases much of the structure of the node has disappeared. 
There is no tissue in which it is so hard to find tubercle bacilli; when 
present they are never numerous; it seems as if they are destroyed in 
the gland in some way. As healing occurs fibroblasts proliferate and 
dense collagen fibers are laid down. Calcification is common in the 
caseous glands, particularly in the bronchial lymph nodes. However 
quiet the lesion may appear to be, there is always a danger that it 
may set up another focus elsewhere (bone, adrenal, etc.), by way of 
the blood stream. Sometimes the lesions are not discrete tubercles, 
but take the form of a diffuse hyperplastic tuberculosis, characterized 
by reticulo-endothelial hyperplasia and sheets of epithelioid cells, but 
no caseation and no giant-cell formation. It is more than probable in 
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the light of recent knowledge that many, perhaps most of these cases 
are really examples of sarcoidosis. 

Sarcoidosis: Boeck’s Sarcoid.— In several respects the condition 
about to be described is one of remarkable interest. It was first de- 
scribed by Jonathan Hutchison in 1809, but it has masqueraded under 
such a variety of names that it is only in recent years that it has come 
to command general attention. Perhaps the best descriptive name is 
that of benign lymphogranuloma, for clinically the lesions may simulate 
those of Hodgkin’s disease, whilst histologically it may mimic tubercu- 
losis. Sarcoid is certaiidy a misleading name. There is usually an 
astonishing absence of symptoms, the disease is not fatal, and autopsy 
reports are correspondingly rare. The condition appears to be par- 
ticularly common in Scandinavian countries. 

The di\'ersity of lesions, or rather of organs involved, is remarkable. 
The chief tissues involved are the skin and lymph nodes, both super- 
ficial and deep, but there may be splenomegaly, hepatomegaly, and 
lesions of the lung, myocardium, pancreas, testis, tonsil, bones of the 
fingers, parotid and lachrymal glands, and uveal tract of the eye. 
1 have seen a sarcoid lesion in the hypothalamus which caused diabetes 
insipidus, and similar cases have been reported. To make matters 
more confusing, lesions may be confined to the skin or lymph nodes 
or bones or the eye. The bone lesions are practically limited to the 
phalanges of the fingers and toes. The disease lasts for months or 
years, with a tendency to fibrosis and healing. Healed lesions are 
represented by scars. In the lungs this scarring is of particular im- 
portance, because there can be little doubt that many cases which in 
the i^ast have been considered as healed miliary tuberculosis are in 
reality examples of healed sarcoidosis. There may be quite generalized 
interstitial pulmonary fibrosis causing dyspnea and cyanosis due to 
failure of the right ventricle. Radiologically the bones show a peculiar 
reticulated rarefaction in the early stages;later there are small puncherl- 
out areas. There is a remarkable alteration in the plasma proteins, 
consisting of an unusual increase in the globulin fraction, usually with 
a pronounced elc\'ation in the total plasma protein. In this respect 
the disease resembles multiple myeloma, kala-azar and lymphogranu- 
loma venereum, in all of which elevation of the plasma globulin is a 
distinctive feature. 

The tenons are rounded circumscribed masses resembling miliary 
tubercles, the chief component of which is epithelioid cells, together 
with macrophages, giant cells, and or!casional eosinophils. It may be 
difficult to decide between sarcoidosis and tuberculosis, particularly 
in a lymph node, but the peculiarly clean-cut, almost diagrammatic, 
character of the sarcoid lesions help the observer in his decision. The 
giant cells are larger than those of tuberculosis and contain more nuclei. 
(Fig. 401 .) There is a striking and characteristic absence of caseation, 
and there is generally no surrounding lymphocytic infiltration. Fibrosis 
increases with the age of the lesion. Silver stains show a delicate 
reticulum which is absent, owing to destruction in tuberculosis. 
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The lesions are identical with those of uveoparotid fever (uveoparotitis) 
in which there is bilateral painless enlargement of the parotid glands 
with involvement of the uveal tract. This condition may I)c regarded 
as a form of sarcoid due to the same etiological agent. 

The etiology of sarcoidosis is 
uncertain, or, if one prefers it, 
unknown. There are two chief 
views: (1) it is a chronic granu- 
loma closely resembling tuber- 
culosis histologically but caused 
by some undiscovered agent; 

(2) it is an atypical manifesta- 
tion of tuberculosis. Evidence 
in favor of the latter view is 
gradually accumulating (Cam- 
eron and Dawson). In many 
ways the disease resembles 
chronic miliary tuberculosis. 

The usual absence of tubercle 
bacilli may be compared with 
the absence of streptococci in 
the lesions of rheumatic fever. 

Non-caseating bacteria - free 
lesions might occur in individ- 
uals with high immunity and 
low sensitivity. Tubercle bacilli 
produce sarcoid lesions in animals 
like the white rat which have a 
high natural resistance to tuberculosis. Finally, occasional cases are 
reported in which tubercle bacilli have been isolated from sarcoid 
lesions both by culture and animal inoculation. 

Syphilis. — In a discussion of the differential diagnosis of lymph node en- 
largement syphilis is often mentioned. It is ijiiportant to have a clear idea of 
what is meant when we speak of syphilis of the lymph nodes. The enlargement 
may occur in the primary, secondary, or tertiary stage. In prinianj sy])hilis 
the regional lymph nodes are enlarged and hard. In the usual typo of lesion 
the inguinal glands are involved, but if the chancre is on the lij^ the submental 
nodes are enlarged. In the secondary stage the glands all over the body are 
moderately enlarged. In tertiary syphilis gummatous foiination has been 
reported but is extremely ' are. This is the point to remember in the differential 
diagnosis, even when tlic Wassermann reaction is strongly i)ositive. The his- 
tology is not charactei'istic, i. c., a proliferation of epithelioid cells, lympho- 
cytes, and plasma cells. In the prin\ary and sec(,ndary forms the demonsti ation 
of the Spirochseta pallida is usually easy. 

LYMPHOBLASTOMAS OR MALIGNANT LYMPHOMAS 

Hodgkin’s Disease.— This is a disease of the hemopoietic orpins, 
i. e., bone-marrow, lymph nodes, spleen, and liver. It is invariably 
fatal. Whether it is inflammatory or neoplastic in character is a matter 
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of dispute. While studying the features of the disease the reader may 
weigh ill his mind whether they point to an inflammatory or a neo- 
plastic process. 

Symptoms.— The disease may occur at any age, but is commonest in middle 
life, usually in men. It is always fatal, but the duration varies greatly. The 
average case lasts between one and two years, but a very acute form may 
prove fatal in a few months, while chronic cases may last for years. I know 
of one case where a patient applied for life insurance sixteen years after a 
diagnosis of Hodgkin’s disease had been made by biopsy independently in two 
first class laboratories of surgical pathology. In adults Hodgkin’s disease is 
about twice as common as lymphosarcoma, but in children the incidence of the 
two diseases is about equal. The disease is usually first detected by an en- 
largement of the cervical glands, first on one side and then on the other, but 
deep glands (mediastinal, mesenteric) may have been enlarged long before 
the superficial ones become palpable. The spleen is enlarged to a considerable 
degree in 75 per cent of cases. The liver shows a slighter degree of enlargement 
in 50 per cent of the cases. A progressive anemia is constant, but the leucocytes 
show no uniform change. They may be increased or diminished in numbers, 
moncytes maj’^ be more numerous than normal, and occasionally there is a well- 
marked eosinophilia. Megakaryocj^tes have been found in the blood, and the 
blood platelets are often increased. Fever is common. Often this assumes 
the so-called Pel-Ebstehi type, characterized by spells of mild fever lasting 
for a few days, and separated by intervals of a week or tu o of normal temper- 
ature. In other cases the fever is more continuous. Less common symptoms, 
but worthy of mention, are pruritus (itching), which may be present long before 
the glandular enlargement, pigmentation, and in rare instances infiltration of 
the skin. There may be dyspnea, cyanosis, paralj'sis, and other signs of 
pressure by the enlarged lymph nodes. 

Lesions.— The affected lymph nodes are eulargecl, usually in groups. 
The greatest enlargement may be in the mediastinal, mesenteries and 
retroperitoneal groups. The groups are not continuous with one 
another, thus differing from the usual picture of lymphosarcoma. 
For long the nodes may remain discrete, but eventually they may 
become fused as in tuberculosis. Sometimes thvrv may hv invasion 
of the surrounding tissue; thus invasion of the lung may take place 
from the mediastinal glands. The cut surface is pale gray, homo- 
geneous, translucent, and moist, and has been likened, not inaptly, 
to fish-flesh. Later it may become yellow owing to necrosis. The 
spleen is large and firm, but it often has not the homogeneous appear- 
ance of the lymph nodes, for scattered through it are numerous opa([ue 
patches, gray or yell«)W, like pieces of suet. ( Fig. 402.) These represent 
areas of “Hodgkin tissue,” the change having commenced in the 
lymphoid follicles. Later the process becomes more diffuse. Small 
gray areas may be seen on the enlarged liver; these are lesions confined 
to the portal tracts. I'hc hone-viarrow may appear reel and hyper- 
y>lastic. Other organs may more rarely show lesions, e, (/., intestine, 
stomach, kidney, and wherever there hai^pcns to be lymph*)id tissue. 
Jn exceptional eases the disease may be mainly or entirely confined 
to one organ, so that it is possible to have Hodgkin’s disease of the 
lung, stomach, etc*. 

The mwroscoirie. ajjjjcarance is the same wh(!rever the lesions occur. 
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but in any one site it may be extremely v^aried in character. Indeed 
its pleomorphism is its most characteristic feature. The lesion is 



402. — LJnlarged spleen of Hodgkin’s disease showing suet-like areas. (From Boyd’s 
Surgical Pathology.) 



Fio. 403. — Hodgkin’s disease. The cytological picture is characteristically pleomorphic, 
'rhero arc several large multinucleated cells of the Dorothy Heed Type. X 350. 


mainly composed of large pale cells of “epithelioid” type. These large 
cells are probably derived from the reticulo-cndothelial cells of the 
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node. Even more characteristic is the appearance of very large or 
giant cells, some of which are mononuclear but many are multinu- 
cleated ; when the nucleus is single it may be convoluted or ring-shaped. 
These giant cells are the cells known as the Dorothy Reed or Sternberg 
cells. (Fig. 403.) The multinucleate forms frequently have two 
nuclei, one of which is the mirror-image of the other, the so-called 
“mirror-image giant cell.” Lymphocytes, plasma cells, polymor- 
phonuclear leucocytes, and eosinophils may all be present. Eosinophils 
are particularly characteristic, and help to settle the diagnosis when 
it is in doubt, but it must not be thought that they are invariably 
present. Necrosis may appear later, but this is best seen in the spleen. 
There is a marked and characteristic increase of reticulum shown b;s' 
silver staining. In the later stages there is dense fibrosis. In the earlier 
cellular stage the lesion will respK)nd for a time to radiation, but not 
in the late fibrotic stage. Sometimes there is not the pleomorphisin 
of inflammation but rather the uniform cellular picture of neoplasia. 
The cells are large, of uniform size, with abundant cytoplasm and the 
large prominent nucleolus characteristic of malignancy. Mitoses are 
common. Reticulum formation is at a minimum. The lesion is muc*h 
more invasive than is the ordinary form. Such cases have been called 
Hodgkin's sarcoma. 

Jackson and Parker have analyzed a large series of lymphadeno- 
pathies in which Reed-Sternberg cells are present and which may 
therefore be regarded as Hodgkin’s disease. 'I'hey find that the ceases 
fall into 3 groups, which they call paragranuloma (38 crises), granu- 
loma (237 cases) and sarcoma (51 cases). In the paragranuloma the 
disease is confined to the cervical lymph nodes although the splec*n 
may also be involved, the capsule remains intact, the principal cell 
is the lymphocyte, and Reed^ternberg cells are few and difficult to 
find; the lesion is easily mistaken for lymphadenitis. The granuloma 
is the common phase of the disease. Its characteristics and those of 
the sarcomatous form have already been outlined. 

Nature and Cause. — The cause of Hodgkin’s disease is unknown and 
even the nature of the condition is uncertain. It has been regarded as: 
(1) an atypical form of tuberculosis; (2) a specific infective granuloma 
of unknown origin; (3) a tumor; (4) a transition form between a granu- 
loma and a tumor. 

(1) At various times during the past half century the view has 
been maintained that Hodgkin’s disease is a special form of tubercu- 
losis. Ewing, noting the not infrequent association of the two lesions 
in lymph nodes remarks that “tuberculosis follows Hodgkin’s disease 
like a shadow.” The argmnents against this view seem more formid- 
able than those in favor of it. 

(2) The most reasonable view appears to be that the disease is a 
specific infective granuloma of unknown origin, in which case the 
name Hodgkin’s granuloma would be justified. The diversified cyto- 
logical picture, the necrosis, and the subsequent fibrosis are all in 
favor of this idea. Against it may be set the iin ariably fatal out- 
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come, and the regularity in the distribution of the lesions which is 
not seen in any of the other infective granulomata. It has been sug- 
gested that the infective agent is a filterable virus on the ground of 
Gordon’s demonstration that injection of a suspension of Hodgkin’s 
lymph nodes into the brain of a rabbit produces a fatal encephalitis, 
and that stained films of the gland suspensions show minute spherical 
‘‘elementary bodies” like those of vaccinia virus. Later, however, it 
was shown that normal human bone-marrow contains an agent- which 
will produce encephalitis in the rabbit (Friedemann), and that the 
Gordon reaction depends on the presence of eosinophils in the diseased 
tissue (Turner et aL). Forbus and his associates have isolated Brucella 
melitensis from the lymph nodes, and by inoculating animals with the 
strains isolated they have produced granulomatous lesions of the 
lymphoid structures bearing some resemblance to those of Hodgkin’s 
disease. They do not claim that Brucella is the cause of the disease. 
Lesions suggestive of Hodgkin’s disease have been described in a num- 
ber of domestic animals, particularly in swine by Forbus and Davis, 
but in no instance can these be regarded as identical with those of the 
disease as seen in man. 

(3) The neoplastic theory is the most popular one at the present 
time. The chief points in its favor are the invariably fatal course and 
the resemblance to such an undoubtedly malignant condition as 
lymphosarcoma. 'Fhe cytological picture is not that of cancer. 

(4) The view that Hodgkin’s disease occupies a position between 
tlie infective granulomata and tumors, as suggested by Symmers and 
others, offers an escape from an impasse. Without wishing too much 
to sit on the fence it may be said that the disease partakes of the 
characters of both of these conditions. The pleomorphism of the 
microscopic picture suggests an inflammatory lesion, whereas its local 
spread and its uniformly fatal termination are characteristic of malig- 
nancy. 

The Relation of Symptoms to Lesions.— It is easy to correlate such symp- 
toms as dyspnea and cyanosis with pressure of enlarged lymph glands in the 
neck or mediastinum. The glandular masses may press on the spinal nerves 
as they issue from the canal causing pain, paralysis, etc., or masses may 
be found lying within the spinal canal and pressing directly on the cord. The 
enlarged spleen will cause a sensation of abdominal fulness or heaviness. The 
anemia is due to involvement of the bone-marrow, and the variations in the 
l)lood picture (eosinophilia, etc.) may be attributed to the same cause. The 
cause of the fever is uncertain. If the disease is due to a bacterial infection 
it is readily explained. If not, the periodic or continuous fever may be con- 
nected with the necrosis which is so frequently present. 

Histiocytic Medullary Reticulosis. — In any series of cases of Hodgkin’s 
disease there will be some which the pathologist is forced to call “atypical.” 
It may well be that future observations may establish some of these cases as 
separate entities. Scott and Robb-Smith have distinguished one such group 
and named it histiocytic medullary reticulosis. The reticuloses form a group 
of diseases characterized by progressive cellular hyperplasia througlnnit the 
hemopoietic and lymphatic tissues, and in the example under consideration 
there is proliferation of histiocytes in the medulla of lymph nodes. 

The lymph nodes show a generalized moderate enlargement, the spleen may 
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be considerably or even greatly enlarged, the liver is slightly enlarged, and the 
marrow of the long bones red and hemorrhagic. Microscopically there is cel- 
lular proliferation in the medulla of the lymph nodes and spleen, the peri])ortal 
tissue, and the bone-marrow. The medullary proliferation is composed princi- 
pally of phagocytic histiocytes containing red blood cells and nuclear d6bris, 
and non-phagocytic prohistiocytes, large cells with irregular outline and dark 
nuclei, often showing mitotic figures; there may be giant prohistiocytes, but 
their dark and twisted nuclei are in sharp contrast to the pale “mirror-image’' 
nucleus of the Dorothy Reed cell of Hodgkin’s disease. 

The principal clinical features are fever, wasting, generalized lymph node 
enlargement, together with enlargement of the liver and spleen, and in the 
final stages jaundice, purpura and anemia with profound leukopenia. 

Lymphosaxcozna.— Hodgkin’s disease was firsv described a hundred 
years ago, but it was not until 1803 that Kundrat separated tlie con- 
dition known as lymphosarcoma from the general group of the lym- 
phomas. The characteristic feature which serves to distinguish it 
from Hodgkin’s disease is the fact that it arises in one group of lymph 
nodes or in one collection of lymphoid tissue and spreads to other 
groups of nodes apparently by way of the lymj)hatics. Tin* s})ri‘ad 
tends to be continuous, whereas in Hodgkin’s disease it is discontinuous. 
It may be easier for tin* clinician to make the distinction than for the 
pathologist who sees the end stage of wifles])read involvement in the 
autopsy room. In arlditioii to the nodes there may be widespread 
involvement of the lymphoid tissue in tlje pharynx (tonsils, etc.), 
gastro-intestinal canal, spleen, bone-marrow, liver and otluT organs, 
^lany of the other features of Hodgkin’s disease may also be present. 
The spleen may be enlarged, although spl(‘iioinegaly is not nearly so 
frequent as in Hodgkin’s disease, fever is a common complication, and 
changes in the blood point to involvement of the bone-marrow, '^fhe 
most constant of these changes is a progressive secondary anemia, but 
there may be a relative or absolute lymphocytosis. Many cases are 
undoubtedly exampl(\s of aleukemic leukemia which ha\e Imhui un- 
recognized. It is often not realized by the physician that examination 
of a blood smear is more ^’aluahle than a biopsy. Pure classical lympho- 
sarcoma of the type described by Kundrat is probably a rare disease. 

The groffs appearance of the lesions is very similar to that of Hodg- 
kin’s disease, but in lymphosarc<)ma thcFc is a greater tendency to 
rupture of the capsule of the glands with invasion and destruction of 
the surrounding tissues. On the other hand, there is much less necrosis 
within the tumor, so that yellow patches are not seen. The lymphoid 
tissue of the bowel may b(* much swollen so as to form nodular masses 
on the inner surface. The afnlomiiial and thoracic cavities may b(* 
filled with tumor masses of remarkable size considering the state of tlu‘ 
superficial nodes (Fig. 404) and there may be extensive infiltration 
of the lungs. 

The microscopic appearance shows complete replacemtmt of the 
mature lymphocytes by much larger hyperchromatic cells with a 
small amount of basophilic cytoplasm and a round or oval nucleus 
with a fairly prominemt nucleolus; mitoses may be present, but are 
not easy to recognize. I'lie uniformity of cell type is an outstanding 
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feature in comparison with the multiplicity of cell forms seen in 
Hodgkin’s disease. (Fig. 405.) There is no increase in reticulum as 
shown by silver stains. Those reticulum fibers which are present 
represent the original content of the node, and these are dispersed by 
the infiltration of neoplastic cells, so that in a given field they appear 
to be decreased in number. (Fig. 406.) 

In some cases there is a generalized lymph node enlargement rather 
than a neoplasia commencing in one region and gradually extending 
and becoming disseminated. In these cases the normal architecture 
is replaced by mature lymphocytes, and the picture is indistinguishable 
from that of lymphatic leukemia; only a blood examination can dif- 
ferentiate the two lesions. Such a condition may be called lympho-- 
cytomxi; it may terminate as a lymphatic leukemia. 



Fig. 404. — Lymphosarcom*’. Maas of enlarged abdominal Ijnnph nodes. 


Reticulum-cell Sarcoma.— This tumor is commonly regarded as a 
form of lymphosarcoma under the name retieulum-cell lymphosarcoma. 
"l"his is permissible in regard to tumors of lymph nodes, where the 
tumor arises from the reticular cells of the node. It may occur, how- 
ever, in many other situations, including bone, where it forms one 
variety of bone sarcoma, so that it is better to speak of it as reticulum- 
cell sarcoma. It is a highly malignant disease, the a^’erage duration 
being less than two years. Although behaving like lymphosarcoma. 
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it may occasionally occur as an isolated lesion, radical removal of 
which may result in apparent cure. Reticulum-cell sarcoma is a much 
c(jmmoner lesion of lymph nodes than pure lymphosarcoma. 

The microscopic appearance is characteristic, but this is only true 
if the material is properly fixed, so as to prevent distortion by shrink- 
age, and suitably stained. The cytoplasm of the reticulum cell is 
usually abundant and faintly acidophilic. (Fig. 407.) The nucleus 
is double the size of that of a lymphocyte, and is commonly infolded, 
giving it a reniform appearance. Highly characteristic in wetl-fixed 
material is the presence of pseudopod-Hke processes of both cytoplasm 
and nucleus, indicjiting amceboid activity in the li\ ing cell. The tumor 
cells may often be seen infiltrating the vein walls and almost closing 
the lumen. The pathognomonic feature is the distribution of reticulum 
in silver prc?par<ations. In addition to a general increase of reticulum 
the fibers show an intimate relationship to the tumor cells, encircling 
groups of cells and sending fibrils between and around individual 
cells. (Fig. 408.) 

Interrelationship. - Although in typical cases there appears to be 
a sharp line of distinction between Ilodgkin’s disease, lymphosarcoma 
and reticiilum-(!ell sarcoma, one of these conditions may blend with 
another. Thus biopsy may show one type, but subsequent autopsy may 
show another or more than one. Herbut and his associates believe 
that there are two chemical substances, one of which stimulates pro- 
liferation of the myeloid cells and the other the lymphoid cells. In 
Ilodgkin’s disease they occur in the urine in nearly equal proportions. 
The three diseases may arise from a common stem-cell, the reticulum 
cell. 

Giant-follicle Lymphoma. —There is a small group of cases which deserve 
to be separated from the general group of lyiripliosarconia. The lesions may 
remain localized for a considerable time, and the disease is characterized by 
its pi’olongcd duration of many years and by the marked sensitivity of the 
lesions to radiation. It has a tendency, however, to terminate as lympho- 
sarcoma or reticulujn-cell sarcoma. Both spleen and lymph nodes are involved, 
and the microscojnc picture is one of extreme hyperplasia of the lympho- 
blastic cells of the germinal centers of the lymph follicles, so that the condition 
has been called follicular lymphoblastoma (Baehr and Klemperer). It is also 
known as Briirs disease, but this term is already used for a variety of typhus 
fever. 

Benign Lymphoma. — This is an innocent tumor of a lymph node or group of 
nodes. It is very uncommon, and it is never safe to make the diagnosis from 
the microscopic picture alone, since this may be identical with that of lympho- 
sarcon)a. Indeed in all of the{?e conditions the pathologist should be supplied 
with all the information possible before making a diagnosis. But if an enlarged 
gland or cluster of glands in the neck or groin increases slow ly in size or remains 
stationary for a number of years without evidence of involvement of the rest 
of the lymphatic system, and if this gland when removed shows a replacement 
of the normal structure by a diffuse arrangement of small round cells such as 
is seen in lymphosarcoma, the blood meanwhile remaining normal, then it 
seems justifiable to make a diagnosis of benign lymphoma. 

Leukemia.— The morbid anatomy of leukemia as well as the blood 
changes are considered in Chapter XXX, but it is convenient to 
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mention the condition of the lymph nodes in this place. In the lym- 
phatic form of leukemia there is a general enlargement of the lymph 
nodes. Sometimes this is almost confined to the deep nodes in the 
thorax and abdomen so that the superficial glands may show little 
change. The rnicroscopic picture is the same as that of lymphosarcoma, 
for the nodes are so crowded with lymphocytes that all normal structure 
disappears. Lymph node enlargement does not form an essential part 
of the myelogenous form of leukemia, but it may occur, owing to the 
newly-formed primitive leucocytes (myelocytes) being detained in the 
sinuses of the nodes or possibly to a local formation by a process of 
myeloid metaplasia. 



Fig. 40'.». - Secondary carcinoma of a lymph node. I’lie lymph .sinuses are distended 

by carcinoma cells. 


Infectious Mononucleosis. — This essentially benign condition, known also as 
glandular fever, bears some superficial resemblance to the group of diseasc.s 
which has just been discus.sed. It is characterized by a mild degree of fever in 
young persons la.sting for two or three weeks, a very sore throat, slight enlarge- 
ment of the cervical lymph nodes and sometimes the axillary and inguinal 
groups, moderate enlargement of the spleen, and an increase in the mononuclear 
cells of the blood. The spleen is moderately enlarged in about 50 per ce^it of 
cases. The disease is never fatal, unless spontaneous rupture of the spleen 
occurs, a remarkable complication which has been reported not infrecijuently. 
Necrotic lesions are found in the liver not unlike tho.se f)f infectious hepatitis, 
suggesting the pos.sibility of a virus infection and explaining themihl jaundice 
which sometimes occurs. In addition, many of the organs may show leukemic- 
like infiltration by mononuclear cells similar to those which dominate the blood 
picture. The total leucocyte count rarely exceeds 20,000, but the percentage 
of mononuclears may be from 50 to 05 per cent of the total count, so that at 
first a distinction from lymphatic leukemia may V)c impossible. The increase 
may be in .small lymphocytes or in large mononuclears, and it is possible that 
these may be monocytes rather than lymphocytes. The lymph nodc»s show 
lymphoid hyperplasia, but traces of the normal architecture still remain. 
The condition is apparently due to bacterial infection through the tonsils or 
the upfier respiratory tract, as a result of which lymphoid tis.sue is unduly 
stimulated, many of the newly-formed cells appearing in the blood stream. 
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The blood contains heterophile antibodies, i, e., the serum will clump sheep’s 
red cells even in high dilution (Paul-Bunnel test). This is a useful test in 
doubtful cases, but it is by no means specific, for it may be negative in infectious 
mononucleosis and positive in virus pneumonia. 

Secondary Tumors.— A carcinoma tends to metastasize to the 
regional lymph nodes. The cancer cells are first found in the periph- 
eral lymph sinus and then in the medullary sinuses. (Fig. 409.) As 
the tumor cells grow they destroy the lymphoid tissue, until finally 
the entire node is a mass of carcinoma. The secondary growth may 
be more or less differentiated than the primary tumor. When the 
tumor cells break through the capsule the gland becomes firmly 
adherent to the surrounding tissues, being then inoperable. Malignant 
melanomas, being epithelial in origin, also metastasize to the lymph 
nodes, but sarcomas rarely do, spreading as a rule by the blood stream. 


THE RETICULO-ENDOTHELIAL SYSTEM 

Distribution.— It has been known for many years that if a vital dye, 
such as trypan blue or pyrrhol blue, is injected into a living animal 
certain cells take up the dye while others do not (Goldmann). In 
1913 Aschoff* and Landau introduced the idea of a reticulo-endothelial 
system to include all those cells which when living were capable of 
taking up a vital dye and were therefore phagocytic in nature. These 
cells may be divid^ into three great groups: (1) reticulo-endothelial 
cells proper, (2) histiocytes, and (3) monocytes. 

(1) The retindo^endothelial cells proper are found in the hemopoietic 
organs, i. e,, bone-marrow, lymph nodes, spleen, and liver. Specializ^ 
e;ndothelial cells line the blood and lymph sinuses of these organs, in 
the liver forming the Kupffer cells which line the sinusoids. All of 
these cells are very highly phagocytic, they readily detain foreign 
particles passing through the organ, and they take up vital dyes, 
India-ink, etc., during life. Beautiful colored illustrations of this 
process will be found in Cappell’s paper. The ordinary endothelial 
cells lining the vessels are quite unaffected by these methods. 
when India-ink is injected into the blood stream of a rabbit, the 
special endothelium of the bone-marrow, spleen, etc., is found to be 
black with arrested particles, while the ordinary endothelium is 
untouched. The reticular cells of the splenic pulp, which form the 
main constituent of the pulp, and similar cells m the lymph nodes are 
also highly phagocytic. It is possible that the cells of germinal 
centers in the nodes belong to this class. There is no proof that the 
reticular cells bear any relation to the reticulum fi era o yJ“P ° 
tissue. (2) The histiocytes are the wandering ph^ocytic cells of the 
tissue, the adventitial ceUs of the vessels, etc., which play I>TOm>nent 
a part in inflammation, forming the ^Us of h>stogenous or«in m ^at 
process. They, of course, are found in all organs, not . 

the hemopoietic series. (3) The monocyUs are white blood cells derived 

62 
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from the endothelial elements of the reticulo-endothelial system. They 
are the important phagocytic cells known by such diverse names as 
the large mononuclear and transitional leucocytes of Ehrlich, the 
endothelial leucocytes of Mallory, and the macrophages of Metchnikoff . 
It is possible that the microglia, which is the source of origin of the 
phagocytes in the brain and cord, should be included in this far-flung 
system. 

Function.— Some of the chief activities of the reticulo-endothelial 
system are: (1) phagocytosis, (2) storage, (3) antibody formation, 
and (4) formation of blood cells. 

The phagocytic power is the most obvious. It is by virtue of these 
cells that the spleen, lymph nodes, liver, etc., are the great filters of 
the body. proliferation they give rise to some of the most actively 
phagocytic of the inflammatory cells. The storage power is manifested 
toward lipoids, hemoglobin, and iron. When a lipoid such as choles- 
terol is fed to rabbits for a considerable time the reticulo-endothelial 
cells become filled with this substance. The intravenous injection of 
iron is followed by a similar storage. Antibody formation is supposed 
to be carried on by these cells, because when they are “blocked” by 
India-ink or a vital dye the power of antibody formation is diminished. 
Blood forviation is concerned both with white and red cells. The 
monocytes are formed by proliferation of the special endothelial cells. 
Erythrocytes are formed in the same way from the endothelium of the 
intersinusoidal capillaries of the bone-marrow. 

Reaction in Disease.— The behavior of the reticulo-endothelial system 
in disease throws light upon its functions during health. (1) The 
phagocytic function is in evidence in many diseases. The large 
endothelial phagcjcytes which constitute the characteristic cytological 
feature of typhoid fever, the Aschoff cells of rheumatic fever, the cells 
which fill the sinuses in sinus catarrh of the lymi)h nodes, the epithe- 
lioid and giant cells of tuberculosis, and the “heart failure cells” and 
“dust cells” of the lungs, are all reticulo-endothelial in origin, many 
being derived from the tissue histiocytes. The phagocytic i)ow'er of 
the reticulo-endothelium enables it to break down red blood cells so 
that it plays an important part in hemolysis. It is moreover the chief 
agent in the formation of bilirubin. In hemolytic jaundice removal 
of the spleen, which is merely a vast collection of reticulo-endothelial 
cells, will relieve or (riire the symptoms. (2) The capacity to store 
lipoids is demonstrated in a remarkable manner in (iaucher’s disease, 
Niemann-Pick’s disease, and ( 'hristiairs disease. In Gaucher’s disease 
the reticulo-endothelial cells of the hemojK)ietic organs and in Xiemann- 
Pick’s disease the histiocytes and monocytes in addition are distended 
with lipoid, so that the entire system stands out as if impregnated with 
a vital stain. In Ghristian’s syndrome there are localized granuloma- 
tous deposits of lipoid. In the lipernia of diabetes there is occasional 
lipoid storage in the cells of this system. In the congested liver of 
mitral stenosis the Kupfler cells are loaded with hemosiderin, and are 
therefore much more readily seen than in a normal liver. (3) It seems 
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probable that there may be a tumor formation of the reticulo-endo- 
thelial system. Reticulum-cell sarcoma is the best example. Possibly 
Hodgkin's disease may belong to this group; if not a tumor it is cer- 
tainly a disorder of this system of cells, a reticulo-endotheliosis. 


THE THYMUS GLAND 

The thymus is partly epithelial and partly lymphoid in structure. At 
first it is entirely epithelial, being derived from the third branchial cleft, but 
later in embryonic life it becomes invaded with lymphocytes. The epithelium 
persists as the Ilassall’s corpuscles and the cells of the reticulum. The cyto- 
reticulum is derived from the endodermal third branchial pouch, the Hassall 
corpuscles from the ectodermal cervical sinus. 

The thymus is an endocrine gland as well as a lymphoid structure. Rowntree 
has shown that it has a remarkable stimulating effect on the growth of the young 
animal, growth that is physical, psychical and sexual. It is a speeding-up 
process. When full growth is attained the process stops, so that the animal 
does not become a giant; in this respect the thymus differs from the pituitary. 
The unique and inexplicable feature is that thymus extract produces ahnost no 
effect on the first generation, but if the administration is continued to succes- 
sive generations, the full effect becomes evident in the third and later genera- 
tions. If the administration be interrupted for one generation, the cumulative 
effect of previous administrations is completely nullified. 

The size of the thymus is its most important feature. No idea of the size 
during life can be obtained unless the paitient has died suddenly, for the gland 
undergoes a rapid and remarkable shrinking as the result of infection, starva- 
tion, and other hostile influences; this shrinkage takes place at the expense of 
the lymphocytes. In emaciated children the gland may weigh only 2 or 3 
grams instead of the normal 15 or 20 grams. It follows that in cases of sudden 
death, Avhether in the child or adult, the thymus may appear to be abnormally 
large. The average weight at birth is 13 grams, and this gradually increases 
until at puberty it weighs 35 grams or more. After that period there is a 
gradual atrophy. The following weights given by Hammar for different 
periods of life may be useful for reference. At birth, 13 grams; 1 to 5 years, 
23 grams; (i to 10 years, 26 grams; 11 to 15 years, 37 grams; 16 to 20 years, 
25 grams; 21 to 25 years, 25 grams; 26 to 35 years, 20 grams; 36 to 45 years, 
16 grams; 46 to 55 years, 13 grams. The fall in weight after puberty suggests 
that the thymus exerts some influence on genital development. 

Hyperplasia of the thymus is a constant feature of Graves’ disease, where 
it forms part of a general thymico-lymphatic hyperplasia. There is said to be 
hyperplasia in Addison’s disease, acromegaly, castration, myasthenia gravis, 
and after thyroid feeding. 

STATUS THYMICO-LYMPHATICUS 

In cases of sudden death from no obvious cause the thymus and 
the lymphoid tissue throughout the body may be found to be enlarged, 
and it is the custom to attribute death in these cases, especially when 
there is a coroner’s inquest, to “status lymphaticus” or “enlarged 
thymus.” There is a remarkable difference of opinion at the present 
day regarding the importance and even the existence of status lym- 
phaticus. Marine, Warthin, and others describe the condition as a 
constitutional defect associated with lowered resistance and character- 
ized by hyperplasia of the thymus, lymph nodes and lymphoid tissue 
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in general, together with under-development of the adrenals, gonads, 
and cardiovascular system. Greenwood and Woods, on the other 
hand, after a most careful statistical investigation describe status 
thymico-lymphaticus as a good example of the growth of medical 
mythology, in which a nucleus of truth is buried beneath a pile of 
intellectual rubbish, conjecture, bad observations, and rash generaliza- 
tion, and that it is as accurate to attribute the cause of death to “an 
act of God” as to status lymphaticus. The most recent report is that 
of the special committee of the Medical Research Council and the 
Pathological Society of Great Britain and Ireland (Young and Turn- 
bull) which concludes with the statement that the facts elicited “afford 
no evidence that so-called ‘status thymico-lymphaticus’ has any 
existence as a pathological entity.” 

The writer has not had sufficient experience with cases of sudden 
death to enable him to express an opinion on this difficult matter. Two 
facts, however, must be admitted. The first is that certain persons 
have an abnormally low resistance to drugs, anesthetics, vaccines, 
serums, and such poisons as arsphenamine and cocaine. In such 
persons death may follow the most trivial of causes, such as extraction 
of a tooth, tonsillectomy, a slight blow, or taking a cold bath. The 
second fact is that in some persons there is a remarkable lymphoid 
hyperplasia affecting the lymphoid tissue of the throat, nasopharynx, 
intestinal canal, lymph nodes, and frequently the thymus, associated 
with hypoplasia of the adrenals, heart, and great vessels. It has been 
shown experimentally that removal of the adrenals lowers the resist- 
ance of rats to morphine as much as 4()() times. The question to be 
decided is, has this lymphatic constitution anything to do with lowered 
constitutional resistance? There is no doubt that the diagnosis of 
status lymphaticus or enlarged thymus has been much misused at 
coroners’ inquests, but on the other hand there does appear to be some 
relationship between lowered constitutional resistance to certain other- 
wise trivial injuries and a condition of lymphatic hyperplasia. I may 
quote the following case from the medico-legal practice of my colleague 
Dr. Erb, which is surely sufficient proof that the concept of death from 
status lymphaticus is not a pure myth. One of a group of children 
who were playing on the road was struck down by a motor car and 
injured. He did not die, but a little lad watching the accident from 
an adjoining lawn fell dead. At postmortem the child was found to 
have an enlarged thymus, a thin-walled hypoplastic aorta, and marked 
hyperplasia of the lymphoid tissue throughout the body. The cause 
of death in these cases is quite obscure. The immediate cause is 
stoppage of the heart, which may be attributed to vagal stimulation. 
Pressure of a much enlarged thymus on the trachea in children has been 
kno^vm to produce dyspnea, but such pressure has nothing to do with 
the actual death. There seems to be no justification for the term 
thymic death, for there is no proof that the thymus has anything to 
do with the stoppage of the heart. 



TUMORS OF THE THYMUS GLAND 821 

Sudden Death. — A brief note may be allowed here on the subject 
of sudden death, i. e., death occurring unexpectedly in the course of 
a few minutes. When called upon to perform an autopsy on such a 
case it is well to bear seven possibilities in mind: (1) cardiac, (2) pul- 
monary, (3) abdominal hemorrhage, (4) cerebral hemorrhage, (5) 
traumatic shock, (6) poisons, and (7) status lymphaticus. Sudden 
cardiac death is discussed elsewhere (page 379). It includes coronary 
thrombosis, coronary occlusion by atheroma causing sudden myo- 
cardial failure, syphilitic aortitis, and rupture of the heart or of an 
aortic aneurism. Sudden pulmonary death may be caused by pul- 
monary embolism, edema of the glottis, laryngeal diphtheria, and 
foreign bodies in the pharynx and larynx. Spasm of the glottis is a 
frequent cause of asphyxia in drowning. In children inhalation of 
stomach contents may cause fatal spasm of the glottis. The rare 
cases of death from anaphylaxis may be placed in this group. Fatal 
abdominal hemorrhage may occur into the stomach from a gastric ulcer 
or a varicose vein at the lower end of the esophagus, or into the adrenals 
especially in children. In the latter case death is due to acute adrenal 
insufficiency rather than to loss of blood. Ruptured tubal pregnancy 
and ruptured abdominal aneurism may be included here. Cerebral 
hemorrhage may be rapidly fatal if massive enough (into the ventricles 
or a cerebral tumor) or if into a vital center (medulla). Sudden death 
may occasionally follow epileptiform seizures. Traumatic shock may 
cause death at once or after a few minutes; the heart stops beating. 
Pouions must be borne in mind if no cause of death can be found. The 
odor of the gastric contents may indicate acute alcoholism or prussic 
acid (smell of bitter almonds). The contents of the stomach should 
be placed in a jar and sealed. Status lymphaticus has already been 
considered. Of these vaned causes by far the commonest are trauma 
and cardiac failure. It is they which are likely to result in really 
sudden death. The others (liemorrhage, etc.) are more apt to bring 
about death in the course of some hours. In one group of cases of 
instantaneous death, i. e., death in a matter of seconds, not minutes 
or hours, no lesions may be found in vital organs other than those 
which in other persons are compatible with good functional capacity. 
Such cases are probably examples of fatal syncope due to increased 
irritability of nerve endings and hyperactivity of the reflexes, a physio- 
logical state which may be caused by transient undetectable factors 
(chemical, emotional, etc.) as well as by organic lesions (Weiss). 

TUMORS OF THE THYMUS GLAND 

The only tumor which need be mentioned is the rnalignant thymoma. This 
constitutes one variety of mediastinal tumor and is commonly taken for a 
lymphosarcoma. It is highly malignant, compresses the trachea and other 
structures, invades the lungs, and metastasizes to bronchial, cervical and 
axillary glands, and sometimes to distant organs. The structure varies, and 
this is natural, because the thymus arises from two cell systems, the one 
lymphoid and the other epithelial. The usual type of picture is lymphosar- 
comatous, but occasionally it is frankly carcinomatous. It seems probable 
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that these two types arise from one or other of the two cell systems. Tumors 
of the thymus are occasionally present in myasthenia Rravis. This has sug- 
gested the removal of the thymus, whether or not a tumor is present, in the 
treatment of this condition, a procedure which has met with marked success. 
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THE BLOOD 

THE BONE-MARROW 

The cells of the blood in extra-uterine life are formed in the bone- 
marrow. It is only the red marrow which is blood-forming, the yellow 
marrow consisting of nothing but fat. In the adult the red marrow 
is confined to the flat bones, i. c., vertebrae, sternum, ribs, skull, pelvic 
bones. In the child, on the other hand, all the bones are filled with 
red marrow. About the seventh year microscopic evidence can be 
detected of a change from the red to the yellow marrow, the change 
being evident to the naked eye at the fourteenth year, and by the 
twenty-first year all the red marrow of the long bones has become 
replaced by fat and is therefore of the yellow type. The change 
first appears in the distal bones and is always most complete in them. 
A little red marrow is left in the proximal bones, and at the proximal 
end of these bones, i. «., at the upper end of the femur and humerus. 
WTien functional hyperplasia of the marrow occurs, it first becomes 
apparent in the proximal bones and only later involves the distal bones. 
The marrow of the femur is often red when that of the tibia is still 
yellow. Red marrow is much more vascular than yellow marrow. 
It is natural, therefore, that secondary carcinoma should be more 
common in the humerus and femur than in the bones of the forearm 
or the tibia. 

It is easy to describe the cells which may occur in red marrow, but 
it is not so easy to recognize them under the microscope. Far the most 
numerous cells are the myelocytes, followed by the normoblasts. There 
are three times as many white as red cells. Myeloblasts and inegalo- 
blasts are rarely seen in normal marrow. The myelocytes can b(j 
recognized by the granules in the cytoplasm. The normoblasts are 
smaller, and present a “drop of ink'’ appearance, the intensely dark 
nucleus haA'ing so little of the characteristic red cytoplasm around 
it that it may be impossible to detect the latter, so that the cell may 
be mistaken for a lymphocyte. It is safe to say that nearly all lymph- 
oid-like cells in the marrow are normoblasts. In health multiplication 
takes place at the normoblastic level and megaloblasts are seldom seen. 

The large megakaryocyte with its basket-work nucleus and the 
polymorphonuclear leucocytes are easily recognized. The best studies 
of marrow cells are made on smears of marrow obtained by sternal 
puncture during life. Within three hours after death the marrow 
presents a distorted picture, and even after one hour the cell staining 
is not as good as during life. 

( 824 ) 
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The bone-marrow readily undergoes functional hyper^plasia, as a 
result of which a very extensive actively functioning tissue is formed. 
The chief evidence of hyperplastic activity is the conversion of the 
yellow marrow into the red variety. The bony trabeculse of the 
yellow marrow become absorbed, and if the hyperplasia is marked 
there may be absorption of the compact bone so that the medullary 
canal is widened. First the proximal and then the distal bones become 
filled with red marrow. If the marrow of the femur is examined 
routinely at autopsy the observer will be surprised to find how often 
it is red instead of yellow owing to the presence of terminal infections, 
etc. The two chief causes of functional hyperplasia are anemia and 
infection; in the first the response is mainly erythroblastic, in the 
second it is mainly leucoblastic, but pure forms of the reaction ^re 
seldom seen. In the leucoblastic reaction the new cells are mainly 
myelocytes. In the erythroblastic reaction they may be either normo- 
blasts or megaloblasts. The former are characteristic of secondary 
anemia, the latter of pernicious anemia. As already mentioned, it 
is easier to describe the types of reaction than to recognize the indi- 
vidual cells under the microscope. 

The Bone-marrow in Blood Diseases.— The marrow must be con- 
sidered in every disease of the blood. It will usually show some change. 
This change may be primary as in pernicious anemia and leukemia, 
or it may be secondary as in secondary anemia. Instead of describing 
these changes here it will be more convenient to take them up when 
the individual diseases are considered. 

THE ANEMIAS 

Anemia is a condition of the blood in which the concentration of 
hemoglobin is below normal. This may be brought about in two ways: 
there may be excessive loss of blood either from hemorrhage or hemol- 
ysis (hemorrhagic and hemolytic anemias); there may be deficient 
blood formation (deficiency anemias). (1) In anemia due to acute 
hemorrhage the cells and hemoglobin are reduced equally; it is a 
normocytic and normochromic anemia. In chronic hemorrhage the 
picture is that of an iron deficiency anemia with low color index 
(hypochromia). Wlien anemia is due to hemolysis the icterus index 
is high and the number of reticulocytes is increased. (2) The normal 
growth of red cells requires non-specific building stones and also certain 
specific principles. The building stones may not be manufactured 
properly because of the action of toxins, cachectic conditions, etc., 
on the marrow or because of primary deficiency and atrophy of the 
marrow. The specific principles are iron and the antianemic principle 
of the liver. Iron is necessary for normal maturation at the normo- 
blastic level and the filling of the red cells with hemoglobin. There 
may be too little iron in the food, it may be poorly absorbed, or it may 
be lost from the body (chronic hemorrhage). The result is a hypo- 
chromic microcytic anemia in which the cells are not much reduced 
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ill luiiiiber hut are small and have too little hemoglobin; the anemia 
responds to iron. The antianemic principle of the liver is necessary 
for the maturation of megaloblasts. It is formed in the stomach by 
the action of an intrinsic factor in the gastric secretion on an extrinsic 
factor in the diet. The gastric factor (intrinsic) may be lacking, the 
result being pernicious anemia; or the food factor (extrinsic) may be 
lacking, the result being the tropical nutritional anemias; or the anti- 
anemic principle may not be properl absorbed (due to intestinal 
disease) or stored in the liver (due to cirrhosis, etc.). In all these cases 
there is a macrocytic hyperchromic anemia, which responds well to 
liver. 

From the above summary the causes of the anemias may be classified 
as’sfollows: (A) Increased blood loss: (1) hemorrhage, (2) hemolysis. 
(B) Decreased blood fonnafion: (1) I)cficieiu*y of specific substances: 
((/) iron, (Jb) antianemic principle or the factors which create it. (2) 
Depression of marrow function (aplasia): (a) nephritis, toxemias, 
cacliexis s; (6) idiopatliic aplastic anemia. The various anemias will be 
considere<l under the heii(lings of Deficiency, Hemolytic and Aplastic 
Anemias together with a note on Secondary Anemia. 

THE DEFICIENCY ANEMIAS 

Of late years it has become increasingly evident that a number of 
the anemias liave a nutritional basis. These are the nutritional or 
deficiency anemias. The grouj) comprises pernicious anemia, chlorosis 
and idkipathic hypodironiic anemia, to which may be added the 
anemia of sprue, ca*liac <lisea.se, and possibly other forms of anemia. 
Some element necessary for blood formation ma\’ be lacking in tin* 
diet, or the body may be unable to utilize it evc*ii though it is ])resent. 

Pernicious Anemia. The* form of anemia commonly called pc'rni- 
cious was first described by Addison, so that it is sometimes known 
as Addison's anemia, a more appropriate term than pernicious anemia, 
as the disease is no longer “pernicious" since the introduction of liver 
therapy. But ohl names in medicine are hard to displace. 

Clinical Features. — The disease is usually one of midrile age, affecting 
the two sexes equally, altliough occurring at an earlier age in women. 
The symptoms are those of a gradually progressive anemia. As 
Addisiui remarkcil in his original contributiem: “It makes its approach 
in so slow and insidious a manner that the patient can hardly fix a 
flatc to his earliest feeling of tlie languor wliich is shortly to become so 
extreme.'' The course is marked by very remarkable intcTinissions 
during which the symptoms clear up and the blood returns towanl the 
normal. In exceptional cases the red c*ell count may rise from 1 ,0()(),0()() 
to in the course (»f two or three wee^ks without any treatment 

whatever. Before the intnaluction of liver thera])y the course was 
progressive and uniformly ended fatally, but variecl extremely in its 
degree of acuteness. The symptoms are those of any severe aruaiiia, 
i. e,, pallor, shortness of breath, palpitation, edema. But thca-e are 
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two features which are characteristic of the pernicious form of anemia; 
these are achlorhydria and spinal cord symptoms. 

The achlorhydria is often spoken of as achylia gastrica. The two 
terms are not synonymous, for the latter indicates suppression of all 
the elements of the gastric juice— pepsin and reiinin as well as hydro- 
chloric acid. This suppression often occurs in pernicious anemia, but 
it is not so constant as achlorhydria. It is a complete achlorhydria, 
whereas that of carcinoma of the stomach is never constantly complete. 
It is probable that the achlorhydria antedates the development of the 
anemia by a considerable period. Often associated with it is loss of 
appetite (anorexia), which may cause a wrong diagnosis of cancer of 
the stomacih. tipinal cord symjjtotm appear in about 5 per cent of 
the cases, and take the form of ataxia, sensory fhsturbances, spasticity, 
and loss of vibration sense in the bones of the leg. The symptoms 
bear no relation to the severity of the blood changes nor even to their 
pres(Mice, for they may develop before the appearance of an\' altera- 
tion ill the blood. In addition to spinal cord symptoms minor nervous 
symptoms are very common, occurring in about 80 per cent of the 
cases, ^rhey take the form of numbness, tingling, and paresthesias 
in the arms and legs. These common symptoms are not related to 
cord lesions, being due to a mild peripheral neuritis. 

Blood Changes.— The blood picture varies greatly with the stage of 
the disease, being very abnormal during an exacerbation but often 
showing little change during an intermission. The changes described 
below are those of a severe relapse. All the formed elements of the 
blood are diminished in number, the red cells, the leucocytes, and the 
platelets. In severe cases the red cells may only number 1,000,000 or 
less. Any anemia in which the red cell count is below 2,000,000 is 
probably, but not necessarily, pernicious in type. In remissions the 
count may be as high as 4,00(),000. The heiimglobin is also diminished 
but not in proportion, so that the color index (ratio of hemoglobin 
percentage to percentage of red cells) is high and may be above 1, 
even as high as 1.5. The red cells, at least many of them, are well 
colored ; they are hyperchromic, in striking contrast to the condition 
in the hypochromic or achromic forms of anemia. (Plate XXIY, B.) 
More important than the number of red cells in the presence of qualita- 
tive changes. Just as the characteristic lesion of pernicious anemia is a 
megaloblastic reaction in the bone-marrow, so the characteristic change 
in the blood is a megaloc\ tic or macrocytic anemia. The large macro- 
cytes can be seen readily in a stained film, but more important than 
the presence of occasional large cells is the fact that the average size 
of the red cells is above normal. The average diameter of normal red 
cells is 7.5 microns, while the average in pernicious anemia may be 
as high as 8.5 microns (Price- Jones). Pernicious anemia belongs to 
the megaloblastic and macrocytic group of anemias. The variation 
ill size, which normally is from 6 to 9 microns, in pernicious anemia 
may be from 4 to 12 microns. Many of the red cells are therefore 
smaller than normal. These are called microcytes , and the variation 
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is known as anisocyiofn^. The large cells are hyperchromic, but the 
microcytes are hypochromic. Poikilocyiosis (jjoikilos, manifold) may 
be marked, the cells varying greatly in shape, many being tailed or 
shaped like a cocked hat. 

The tendency in pernicious anemia is for the red cells to revert to 
a more primitive or embryonic type, for the essence of the disease is 
a failure on the part of the red cells of the marrow to mature suffi- 
cienth' quickly. The megaloblastic reaction of the marrow and the 
macrocytic type of anemia are evidence of this tendency. Many of 
the cells show polychromatophilia, the cytoplasm being of a slaty color 
owing to having taken up both the red and blue stain. This is most 
marked in the megaloblasts. The cytoplasm of the original red cell 
is entirely basophilic. It becomes partly acidophilic as hemoglobin 

begins to appear, and at this 
stage shows polychromato- 
philia. It is only when the 
cell is mature that it becomes 
completely acidophilic. Baso- 
philic stippling (granular 
degeneration) may be present ; 
it is merely another manifes- 
tation of the same basophilic 
substance, which in this in- 
stance takes the form of fine 
granules staining blue. The 
presence of reticulocytes is an 
indication of immaturity, for 
the reticulum is another form 
of the same basophilic mate- 
rial. In health reticulated rcnl 
cells form 1 per cent of the 
total count, but in pernicious 
anemia they usually form 5 per 
cent. (Fig. 410.) The best indication of successful activity on the 
part of the marrow is an increase in the reticulocyte count. There 
is a marked rise in a remission, and a specially great increase when liver 
therapy is commence<l. In aplastic anemia, where the bone-marrow 
shows no activity, there is a complete al)sence of reticulocytes. The 
reticulation is not showm in an ordinary film; vital staining has to 
be used. 

Nucleated red cells provide another indication of immaturity. They 
may be normoblasts or megaloblasts. The latter arc corninorjer and 
rmi<*h more characteristic, as normoblasts may occur in any severe 
anemia, but megaloblasts are seldom found except in pernicious 
anemia. The megaloblast is much larger than a normoblast, its nucleus 
is larger and rncjre open, and the cytoplasm is polychromatophilic or 
even basophilic. The nucleus may show mitosis, '^fhey can alwsiys 
be found if the count is below 2,(KK),(H)0, but when it is above 2,500,000 
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it may be difficult to find a single megaloblast. Owing to the im- 
maturity of the red cells in pernicious anemia, their fragility is 
diminished rather than increased, for it is the older cells which become 
more fragile when tested with hypotonic salt solution. 

The leucocytes diminish in number, so that there is Sileucopenia. 
This affects chiefly the polymorphonuclears, so that there is a relative 
lymphcwiytosis. The polymorphonuclears are much mcjre lobed in 
pernicious than in other forms of anemia. This is a useful practical 
point. Indeed it has been said that in studying the anemias more may 
be learned from looking at the white cells than at the erythrocytes. 
There is no leucocytosis even in acute infections. The fault lies in 
the marrow. This is filled with myelocytes, but they fail to mature, 
so that there is a decrease in the polymorphonuclears. Myelocytes 
are not infrequently found in the blood. The platelets are much 
diminished in number (thrombocytopenia), and they may disappear 
altogether. The plasma shows a characteristic yellow tinge due to an 
increased bilirubin content, the result of increased blood destruction. 
The icterus index is between 5 and 15 (the normal maximum is 5), 
and there is a positive indirect van den Bergh reaction, with an increase 
of urobilinogen in the urine. These serological findings are of great 
value in those difficult cases where the cytological picture is so inde- 
terminate that no definite diagnosis can be made. 

Morbid Anatomy.- The lesions of pernicious anemia are partly 
primary in character, but mostly secondary either to the anemia or to 
increased blood destruction. The two most constant pathological 
findings are a megaloblastic type of bone-marrow and marked siderosis. 
The intensity of these lesions will depend on the stage of the disease 
at the time of death. If the patient dies during an acute exacerbation, 
the megaloblastic reaction, the siderosis, and all the secondary lesions 
will be marked, whereas they may be trivial if the patient dies of 
some intercurrent disease during an intermission. This is not true 
of lesions of the spinal cord and possibly those of the alimentary tract. 
It will be seen from the following description that the lesions may be 
divided into five groups: (1) Those due to the anemia (fatty degenera- 
tion, hemorrhages); (2) bone-marrow changes; (3) siderosis, increased 
phagocytosis by the reticulo-endothelial cells, and other evidences of 
blood destruction; (4) lesions of the alimentary tract; (5) lesions of 
the nervous system. 

The skin is of a lemon -yellow color, and has not the pure pallor of 
secondary anemia. There is a remarkable absence of wasting, and 
the abundant fat is also lemon-yellow. The muscles are normal or 
deep red in color. Petechial hemorrhages are common in the serous 
membranes and can be seen during life in the retina. These changes 
are due to fatty degeneration of the walls of the small vessels. The 
fatty degeneration is caused by the anemia. The fatty change is 
best seen in the heart, which is pale, very flabby, so that it collapses 
when held up by the apex, and the wall of the left ventricle and the 
papillary muscles show a yellow speckling known as the “thrush 
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breast” or '‘faded leaf” appearance. (Fig. 169.) This is marked when 
the anemia is severe, but may be slight or absent if death occurs 
during a remission. The liver shows two changes: fatty degeneration 
and siderosis. The fatty change may be extreme. The yellow granules 
of hemosiderin, which give the Prussian blue reaction for iron, are 
mainly deposited in the liver cells, especially in the outer two-thirds 
of the lobule. The^' are present, but to a lesser degree, in the Kuptfer 
cells. Myeloid areas may be present; these are discussed below. The 
spleen is usually sliglitly enlarged; during a relapse it may be red and 
markedly swollen. The chief microscopic change is evidence of marked 
phagocytic activity on the part of the reticulo-endothelial cells, which 
contain pigment and fragments of red blood cells. These changes 
are most pronounced during a relapse. There are also deposits of iron 
pigment, but the siderosis is not nearly so marked as in the liver. It 
is evident that though the spleen may play a part in destroying the 
red cells, it is the Ih er which stores the blood pigment. Small islands 
of myelocytes and nucleated red cells are occasionally present. The 
lymph noiles show no special change. In the kidneys, as in the liver, 
there is a combination of fatty degeneration and hemosiderosis. This 
combination may be seen in lesser degree in many of the other organs. 

The bone-marrow changes are by far the most important, ''rhere is 
a \'er\' marked erythroblastic reaction, as a result of which the yellow 
marrow becomes red and resembles red currant jelly. This change is 
patchy, so that examination of a small j)iecc of marrow may be quite 
misleading. The marrow of one long bone may be red, while in another 
it is quite yellow, or the change may only affect part of the marrow 
of a bone. The hyperplasia always involves the femur before the 
tibia. During a remission the marrow of the tibia may be normal, 
while that of the femur shows marked hypcM’plasia. The earliest 
change is seen in the upper end of the femur and humerus, regions in 
which normally tluTC' is a certain amount oF red marrow. As a result 
of the hyperplasia the trabecuUe of the medullary cavity arc absorbed 
and the cavity may' be enlarged at the expense of the shaft. 

^l^he microscopic j^icturc is quite different from that of the functional 
hy’perplasia which follows hemorrhage. The latter is a normoblastic 
reaction, whereas the reaction in j>ernicious anemia is of the megalo- 
blastic type. (Fig. 411.) The megahiblast changes directly into a 
macrocyte, with loss of the normal multiplication which should occur 
at the normoblastic level. Megaloblasts have no place in the develop- 
ment of normal red blood cells in extra-uterine life, but only when the 
normal activity of the hemopoietic principle of the IKer is lacking. 
This explains the drop in the red cell count and the relatively few 
normoblasts in the circulatory blood. This reaction is the one and 
only pathognomonic finding in the disease. During a remission there 
is a return to the normoblastic type of reaction. It must not be thought 
that the rnegak)blasts are the only cells of the hyperplastic marrow. 
Primitive white cells (myelooyte and myelol)lasts) are always 
numerous, and at first sight it is remarkable that such numbers of 
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primitive leucocytes in the marrow can be associated with a marked 
leucopenia. The answer to the riddle is that the white cells, like the 
red cells, fail to mature, and until they mature they are unable to enter 
the circulation. It looks as if some factor (possibly a liver factor) 
which is normally responsible for the maturation of* myelocytes into 
polymorphomiclears is lacking in pernicious anemia. Adult poly- 
mo rphonuclears are much less numerous in the marrow of pernicious 
anemia than in the normal marrow. The megakaryocytes are^^educed 
in number, and those which are present are small and degenerated; 
this explains the thrombocytopenia. Phagocytic cells containing 
hemosiderin or erythrocytes are prominent during a relapse. 



411. — MegalobUistic reaction of the bone-marrow in pernicious anemia. All of the 
cells are either iiieKuloblasis or norraol^laslb. X 1000. 

Kxtramednllarij blood fonnai ion may occur, but it is difficult to know 
to what extent. Before the fifth month of fetal life the blood is formed 
by the liver and spleen. When there is great demand for more blood 
in pernicious anemia small islands of myeloid tissue may develop in 
the liver and possibly in the spleen. It is doubtful if these extra- 
medullary foci play a part of any importance, for even in severe 
exacerbations it will seldom be found that all the bone-marrow of the 
body is hyperplastic. 

The lesions of the alivientary tract affect chiefly the tongue and 
stomach. Soreness of the tongue is a frequent feature of the early 
stage of the disease. At. the time of death there may be a severe 
glossitis, the tongue being fiery red and resembling a beefsteak. In 
more chronic cases the tongue is atrophic and smooth as if it had 
been ironed, with disappearance of the papillae and atrophy of mucous 
membrane and muscle. It has been suggested that the tongue lesions 
are a manifestation of avitaminosis, because rather similar lesions can 
be produced in animals by means of deficient diets. The upper two- 
thirds of the stomach show severe atrophy; in some cases the wall may 
be no thicker than parchment, so that the diagnosis may be made 
with the naked eye. The atrophy involves all of the coats (Fig. 412), 
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and in the mucosa the specialized oxyntic and peptic cells have dis- 
appeared. At the junction of fundus with pyloric mucosa there is an 
abrupt change to normal thickness. The mucosal changes probably 
have an etiological relationship to the anemia. Atrophic and ulcerative 
lesions used to be described in the intestine, but it is now known that 
these are postmortem in origin, and are not seen if formalin is injected 
into the abdomen immediately after death. 



Fio. 412. — Compari.'ion of normal stomach wall {A) with that of pernicious anemia (B). 

X Go. 


Spinal cord lesions occur in about 5 per cent of the cases. It is a 
subacute combined degeneration, affecting both posterior and lateral 
columns, more especially the former. The cord is swollen, and shows 
translucent patches first in the posterior columns, then tlie lateral 
columns, and finally the anterior columns. Microscopically there is 
breaking up and degeneration of the medullary sheaths, followed later 
by disappearance of the axis cylinders. The lesions are shown by 
means of the Weigert myelin sheath stain. These changes are re- 
sponsible for the ataxia and spasticity already described. The cord 
lesions bear no relation to the severity of the anemia, and may appear 
before any anemia can be detected. Nor are they responsible for the 
numbness, tingling, and paresthesias which are so common an accom- 
paniment of the anemia. 

Nature of the Disease.— In pernicious anemia the normal factor which 
stimulates maturation of the red cells of the marrow (hemopoietic 
principle) is absent. The marrow is packed with immature cells which 
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are unable to enter the blood stream in any numbers. To borrow a 
catchword from the political economist, there is poverty in the midst 
ol plenty. The hemopoietic principle, though stored in the liver and 
also in the stomach and kidney, is produced in the stomach during 
the process of digestion. As the result of the brilliant investigations of 
Castle it would api)ear that the hemoj)oietic principle is produced by 
the interaction of two factors, an intrinsic factor in the gastric juice 
and an extrinsic factor in the protein of the food (meat). The intrinsic 
or gastric ftictor is not the acid nor the pepsin of the gastric juice, but 
some specific factor so far unrecognized. The absence of this factor is 
associated with achlorhydria, although there may be no free acid in 
the gastric juice for many years before the development of anemia. 
Other members of the family may show achylia without anemia, 
indicating the hereditary character of the defect. The hydrochloric 
acid is first lost, then the pepsin, then the mucus and finally the 
intrinsic factor. The basis of these changes may be the atrophy of 
the gastric mucosa. Some evidence suggests that the extrinsic factor 
in the food ma^' be vitamin li 2 (Strauss and (Castle) but this matter 
is by no means settled. It is evident that even though intrinsic and 
extrinsic factors are present there may be symptoms of deficiency on 
account of lack of absorption of the hemopoietic principle from the 
intestinal tract. The macrocytic anemia of some cases of sprue and 
co'liac disease may be explained on this basis, although in others there 
is evidence of deficiency in the extrinsic factor. 

It has been suggested that the argentaffin cells of the stomach 
are concerned with normal erythropoiesis. These cells are present 
in the pyloric and cardiac portions but not in the fundus. Thej' are 
completely or almost completely absent in eases of pernicious anemia 
(Jacobson). 

But what of the spinal cord lesions? They can certainly not be 
attributed to the effect of the anemia, for they may develop before 
the anemia. Some writers believe that the blood and marrow changes 
are caused by a deficiency, but that the spinal cord changes are the 
result of toxic action. Mellaiiby suggests, and this appears more 
probable, that tliere are two deficiency factors, one for bone-marrow, 
the other for the spinal cord. It is possible that the cord factor may 
be vitamin Bj. Clinically cither deficiency may appear before the 
other, and there is no relationship between their severity. 

Other macrocytic ariemins must be mentioned before closing this 
discussion. Of these the most important are the anemia of sprue, of 
1 )ibothriocephalus latus, and of pregnancy. Sprve is a tropical intes- 
tinal infection characterized by abdominal distention, the passage of 
large pale bulky stools with a high fat content, atrophy of the tongue 
and the intestinal mucous membrane, gastric anacidity in about one- 
half the cases, and the development of a blood picture which may be 
indistinguishable from that of pernicious anemia. The anemia is 
macrocytic and the reaction of the marrow is megaloblastic in type. 
It seems probable that the intestinal lesions (thinning and atrophy of 
53 
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the mucosa, disappearance of the epithelium) may so interfere with 
absorption that a condition of chronic deficiency develops, with the 
same effect on the marrow as in pernicious anemia. Other tropical 
macrocytic anemias are due to lack of the extrinsic factor in the food 
of poorly nourished natives. Deficiency in folic add, a new synthetic 
member of the vitamin B complex, leads to macrocytic anemia and 
severe Kranulocytopenia in the experimental animal. This can be 
induced by means of succinyl-sulphathiazole, which inhibits the bacterial 
synthesis of folic acid in the intestine. There is progressive hypoplasia 
of the marrow involving both the erythroid and myeloid series (Endicott 
et aL). The administration of folic acid has proved of striking value in 
the treatment of macrocytic anemia. Dibotliriocephalus latus is a com- 
mon parasite among fish-eating peoples. A very small percentage of 
such infected persons develop a macrocytic anemia identical with per- 
nicious anemia. Achlorhydria is present in over 80 per cent of these 
patients. If the worm is expelled, the patient is cured, but the blood 
can be brought back to normal by means of liver treatment, even 
though the worm is still present in the bowel. Some additional factor 
besides the worm must be necessary to produce the anemia, possibly 
absence of something akin to the pernicious anemia-preventing prin- 
ciple. Fish tapeworm infestation is very common in Japan but is never 
associated with anemia, and pernicious anemia is also unknown in that 
country. Most of the cases of Dibothriocephalus anemia occur in 
Finland, suggesting that there may be some racial factor. In preg- 
nancy a small number of women develop an anemia identical with 
pernicious anemia during the later months of pregnancy and in the 
early puerperium (this must not he (confused with the comnion 
hypochromic anemia of pregnancy). Jt responds in the usual way to 
liver treatment, and the prognosis is much better than in pernicious 
anemia. Gastrectomy may be followed by macrocytic anemia if the 
acid-bearing part of the stomach has been removed. Diffuse disease 
of the liver such as drrhosis may interfere so much with storage of 
the hemopoietic principle that the same type of anemia may some- 
times develop. 

Iron-deficiency Anemias.— Any anemia whic h responds to adequate^ 
doses of iron may be classed as an iron-deficiency anemia. The total 
amount of hemoglobin is low, but the red blood cells are not diminished 
in equal proportion, so that the color-index is low and the anemia is 
hypochr(mic. The red cells may be smaller than normal (microcytic 
anemia) or of normal size. There are two supplies of iron for the 
manufactore of hemoglobin: (1) the food, and (2) the iron stores in 
the liver, spleen and bone-marrow. In health only minute quantities 
of iron are absorbed, but in experimental iron-deficiency large amounts 
are absorbed. The course of the iron can be followed by rendering it 
radio-active and thus labelling it (Hahn). Absorption occurs mainly 
from the duodenum, and as this is dependent on gastric acidity it is 
evident that achlorhydria will often be associated with hypochromic 
anemia. 






THE DEFICIENCY ANEMIAS 


835 


Iron-deficiency anemia may be caused: (1) by blood loss, (2) by 
deficient iron intake, and (3) by a demand so great that absorption 
and the iron stores are unable to satisfy it. Blood4oss factor needs 
continual emphasis. A man may slowly lose half his blood and make 
it up again, but in doing so he has exhausted his store t)f iron, and 
any further loss of blood will produce anemia. Gastric and uterine 
hemorrhage are common causes of continued blood loss. Deficient 
intake may be due to poverty, faulty dietary habits, or organic disease 
of the stomach and esophagus. Excessive demand is physiological and 
depends on age and sex. There is an increased demand for iron during 
the first two years of life, and on account of menstruation, pregnancy 
and lactation. For these reasons hypo(;hromic anemia is common in 
infancy and in women during the reproductive period. Bottle-fed 
babies get an infinitesimal amount of iron, and prematurity may have 
prevented the accumulation of a sufficient store of iron. 

Primary Hypochromic Anemia. ^ IVlany names have been given to 
this condition, e. g.y idiopathic hypochromia, simple achlorhydric 
anemia, chronic (chlorosis, etc. The condition is a disease of middle- 
aged women, jimong whom it is a more common cause of ill-health 
than pernicious anemia. It often follows pregnancy, or rather the 
anemia is a continuation of the anemia which normally ()ccurs in the 
later mouths of pregnancy. Occasionally it may occur in men. It is 
remarkable for its chronicity, an average period being ten years. 
The patient i^resents a curious combination of the clinical pujtu re o 
pernicious anemia and the blood picture of hypochromic anemia. 
Digestive symptoms are marked. There is evidence of gastritis— poor 
appetite, frequent absence of free hydrochloric acid in the stomach, 
and much mucus in the stomach contents so that the gastric juice is 
very viscid. The tongue is bald and gla/ed even more cominoii y 
than in pernicious anemia; in the severe cases it is 
d^he nails often present a very characteristic appearance, they dry 
and brittle, longitudinally striated, and turned up at the so 

that they become ‘‘spoon-shaped,” a change never seen in 1^^**^ ^ 
anemia. Paresthesias such as numbness and 

in the arms and legs. The spleen is often palpable, but is never gre.my 

enlarged. The triad characteristic of the diseas^ 

of the mucous membrane of the tongue, and bn eness o p 

'’'^Th^ S^cl^ngfs Le the reverse of those 

although the symptomatology is ™,ndition it is achromic. 

the anemia is hyperchromic m type, but m „ mee-doblastic and 

In the former disease the beme-ma™ 
in the latter it is normoblastic. J^he red cells 

ber, but the decrease in hemoglobin IS stil g « > /i>i vv^y A 

ind^x is low and hypochromia (achromia 

and Fie. 414.) The average diameter ot the rea ceus is 

normal, while in pernicioip anemm it evidence of ^hemolysis 

It is therefore a mtcrocyhc anemia, the 
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(tingeing of the blood serurn, increase of the icterus index), as compared 
with the hemolysis characteristic of pernicious anemia. There is 
leucopenia, relative lymphocytosis, and thrombocytopenia. 

The cause of the condition is an iron deficiency, as a result of which 
(1) the stimulus necessary for the normal maturation of the normo- 
blasts is lacking, so that they are unable to develop into erythrocytes 
cjuickly enough, and (2) the hemoglobin molecule is not properly built 
up in the normoblasts. The result is a stuffing of the marrow with 
normoblasts, and a deficiency of red cells in the blood, those present 
being poorly supplied with hemoglobin. The basis of the deficiency 
appears to be failure in the absorption of iron, which in turn is due, 
at least in part, to the hypochlorhydria, as the presence of acid is 
necessary for the solution and absorption of iron. The administration 



Fig. 41S 

Fig. 4l.'3.— Hypcrchromic anemia 
X 1000. 

Fig. 414. — HypoclM-omic anemia. 



Fig. 414 

The colls are macrocytic. 
X 1000. 


(pernicious anemia). 
The cells are microcytic. 


of large amounts of iron, especially when combined with small amounts 
of copper, has the same dramatic effect as liver treatment in pernicious 
anemia. The reason for the massive doses of iron far in excess of the 
needs of the body (the total amount in the body is about 3 grams or 
the amount in a large nail) appears to be that solubility, greatly 
diminished by the absence of acid, is accelerated by the presence of 
excess of iron. One form of hypochromic anemia among the poorer 
classes is due to a lack of iron in the diet, particularly in women in 
relation to pregnaney and menstruation. Anemia in young children 
may be of this type, as milk is poor in iron. Sex is an important factor, 
because of the loss of menstrual blood and the fact that during preg- 
nancy much of the maternal iron is stored in the fetus. 

The so-called Plummer^Viuson syndrome is practically the same 
disease with the addition of dysphagia. It occurs in middle-aged 
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women, although occasionally in men, and is characterized by hypo- 
chromic anemia, dysphagia, dryness and atroph}^ of the mucous mem- 
brane of the tongue, pharynx, and esophagus, painful cracks at the 
angles of the mouth, achlorliydria, brittleness of the nails, and enlarge- 
ment of the spleen. There is a tendency for the condition to act as 
a predisposing cause of cancer of the hypopharynx in women. Owing 
to the dysphagia the patient will be found to liavc been living on 
slops for a prolonged period, and the anemia is doubtless due to the 
deficiency of iron in the diet. It responds remarkably to the admin- 
istration of iron. 

Chlorosis. -Chlorosis, or “the green sickness’’ {kloros^ green), used to ho 
one of the commonest of diseases; now it has become remarkably rare, and is 
one of the best examples of a disappearing disease. Only women are affected, 
so that chlorosis presents one of the best examples of a disease with a very 
marked sex incidence. It usually develops shortly after puberty, but may 
appear at any time between the age of fifteen and twenty-five years. It was 
formerly known as “the disease of virgins.” It is a deficiency anemia due to 
lack of iron . Three causal factors may be considered ; (1 ) an insufficient intake 
of iron in the food, (2) loss of iron by menstrual and other blood loss, (3) undue 
demand for iron by the growing organism. The disease is really an exaggeration 
of a physiological change which occurs in over 10 per cent of girls at the time 
of puberty. Its disappearance seems to be due to the ejnancipation of women 
from a sedentary cloistered existence. Severe cases are now rare, but mild 
degrees arc not uncommon, although they are now correctly called hypochromic 
anemia. Iron cures the disease. 

Pyridoxine Deficiency Anemia.- An interesting link between the two 
principal forms of nutritional anemia in man, namely, pernicious anemia 
and iron-deficiency anemia, is provided by experiniental pyridoxine deficiency 
anemia in swine (Wintrobe, vt nl.). When the diet of the pig is lacking in 
pyridoxine but adeciuate in all the other elements of the vitamin B complex, 
the animal develops a severe anemia characterized by miemeytosis, poly- 
chromatophilia, reticulocytes and nucleated red e(*lls in the blood, a lise in the 
scrum iron, hemosiderosis and bone-marrow hyperplasia. The microcytic 
anemia resembles that due to iron deficiency, whilst the hemosiderosis and 
elevated serum iron suggest pernicious anemia. It is evident that in the pig 
pyridoxine plays some essential part in erythropoicsis and the synthesis of 
hemoglobin. 

Anemia of Infection. — Anemia is a feature of many chronic infections, a 
striking cxami>le being subacute bacterial endocarditis. It seems probable 
that the anemia is due to some abnormality of hemoglobin synthesis apparently 
dependent on the presence of infection rather than to hemolysis or aplasia 
of the marrow. Such anemias arc refractory to iron and liver therapy. Win- 
trobe and his associates have shown that in this condition the plasma iron is 
very much below normal, nor does the administration of iron raise the plasma 
iron as it does in the norixual person. There appears to be a failure in the 
utilization of iron for hemoglobin regeneration during chronic infections due 
probably to some unknown “persistent and urgent demand for iron to fulfill 
some function in relation to infection which has a greater priority for iron than 
hemoglobin formation.” There is reason to believe that iron accumulates in 
inflammatory tissue and in the reticulo-endothelial system in experimental 
infections. 

In reviewing the various forms of nutritional anemia it seems 
justifiable to say that they are all due to some form of deficiency. 
(1) The deficiency may be in the food. (2) The food may be adequate. 
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but the stomach may be unable to utilize what is presented to it, the 
most obvious example being cases of gastrectomy. (3) And finally the 
defect may be in the liver. In pernicious anemia there is an abundance, 
indeed a surplus, of hemoglobin pigment and iron; the real lack seems 
to be in the constituents of the stroma of the red cells. The cells are 
therefore hyperchromic. In the hypochromic anemias, on the other 
hand, there is a deficiency of iron and the hemoglobin molecule is not 
properly formed. 

APLASTIC ANEMIAS 

Aplastic anemia may be prunary or secondary. The 'primary form 
is fortunately a rare disease occuring in young people usually between 
the ages of fifteen and thirt\' years. It is very acute and extremely 
fatal, killing the patient in a few weeks, or at the most some months. 
Fever is very common, due probably to interference with the heat- 
regulating mechanism. The cause is unknown. Some agent depresses 
the activity of the bone-marrow until no more blood is formed. The 
normal amount of blood destruction is going on, but there is nothing 
to take the place of the destroyed erythrocytes. The anemia becomes 
extreme, but the blood film remains strangely normal; there arc none 
of the changes such as the presence of macrocytes, nucleated red cells, 
polychromatophilia, reticuloeytes, etc., which indicate that the marrow 
is struggling to make good the wastage. All the formed elements of 
the blood are diminished, the leucocytes and platelets as well as the 
red cells. On account of the extreme thrombocytopenia purpuric 
hemorrhages form an important feature of the clinical picture, and it 
may be ver\' difficult to distinguish the condition from true purpura 
hsemorrhagica. The color index is below normal, but not extremel\^ 
low. There is no evidence of hemolysis such as an increase of bilirubin 
in the blood or the appearance of urobilinogen in the urine. "I'lie red 
bone-marrow is profoundly aplastic, consisting of little more than fat, 
and contains very few cells (Fig. 415), but some islands of hyperplasia 
may be found. Some workers (Rhoads and Miller, 'I'hompson) de- 
scribed a hyperplastic marrow as a frequent finding in aplastic anemia. 
This introduces an clement of confusion into an otherwise clean-cut 
entity, and it seems more correct to regard such erases as examples of 
aleukemic leukemia. The pathological criterion of aplastic anemia is 
aplasia of the bone-marrow. 

The secondary form of aplastic anemia is usually due to exhaustion 
of the marrow. In the end-stage of pemicious anemia the marrow 
may give up the fight, so that no hyperplasia may be found at autopsy 
and regeneration forms of red cells are absent from the blood. Severe 
and continued toxic conditions, poisons such as benzol and trinitro- 
toluol, and roentgen-rays may all injure the marrow so severely as to 
lead to an aplastic form of anemia. Myelophthisic anemia is a variety 
of secondary aplastic anemia in which the crythrogenic tissue of the 
marrow is replaced by tumor growth. This may be primary (multiple 
myeloma, Ewing’s tumor) or secondary (carcinoma of the breast, 



THE HEMOLYTIC ANEMIAS 


839 


prostate, kidney, lung, thyroid). In the rare condition known as 
osteosclerosis in which the bone is thickened and the marrow reduced, 
an aplastic anemia (osteosclerotic anemia) may develop. In carci- 
nomatosis of the bone-marrow there may be a picture of leiLco-erythro- 
hlastic anemia, i. e., nucleated red cells and myelocytes appear in the 
blood even when the anemia is slight; the anemia may be hemolytic 
in type (Waugh). These features may be of diagnostic importance. 



Fig. 415. — Bone-marrow in aplastic anemia, showing complete absence of hyperplasia. 

X 275. 


Secondary Anemia. — Not so long ago one of the main groups of the anemias 
was that known as secondary. This term may well bo given up. It signified 
the anemias due to loss of blood and those associated with interference with 
blood formation owing to direct injury to the red marrow or to constitutional 
diseases such as nephritis, subacute and chronic infections, and cancer. The 
former is a hypochromic microcytic anemia and the latter a normochromic 
normocytic anemia. Neither is benefited in the slightest by liver or iron 
therapy. 

THE HEMOLYTIC ANEMIAS 

The hemolytic anemias may be divided into primary, or idiopathic, 
and secondar^-^ groups. In the secondary group hemolysis occurs as 
the result of snakebite, malaria, and infection with hemolytic strepto- 
cocci, and it forms a characteristic feature of pernicious anemia. The 
chief members of the primary group are hemolytic jaundice, sickle- 
cell anemia, and erythroblastic anemia. To these may be added 
paroxysmal hemoglobinuria. 

Hemolytic Jaundice.— This is also known as acholuric jaundice, 
because no bile appears in the urine. Although jaundice is the most 
striking clinical feature, the condition is really a hemolytic anemia, 
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and so is considered in this place. Two forms may be recognized, a 
more common congenital type (Minkowski-Chauffard type) and a 
rare acquired type (Hayem-Widal type). The acquired type comes on 
later; it is more severe, the anemia is more marked though the jaundice 
is much less, splenectomy docs little good, and the increased fragility 
of the red cells, so characteristic of this form of anemia, is very slight; 
the blood contains hemolysins in the acquired but not in the congenital 
form. In the so-called Lederer type of acute hemolytic anemia fragility 
is generally normal. Its outstanding characteristic is that whilst 
there is a high mortality in untreated cavses, transfusion cures the 
disease. The description which follows applies to the congenital form. 

The disease is both familial and congenital, though it may not 
appear until the second decade. One case is reported in which th(‘ 
disease remained latent until the age of seventy-five years, when treat- 
ment by splenectomy was successful (Mandelbaum). Some members 
of the family may have fragile red cells, but no anemia or jaundice. 
The jaundice persists throughout life, usually in mild form but with 
occasional exacerbations due to the characteristic “(Tises,” in which 
there is increased blood destruction with attacks of pain in the region 
of the liver and spleen. The jaundice is due to increased production 
of bilirubin owing to excessive blood destruction. There is therefore 
an excess of bilirubin in the stools, increased production of urobilinogen, 
which is excreted in the urine, but bilirubin does not appear in the 
urine, hence the name acholuric jaundice. The blood gives an indirect 
van den Bergh reaction. Gall stones of the pure bilirubin type without 
any admixture of cholesterol are frequently present. The spleen is 
considerably enlarged. The long bones show longitudinal striation 
and a patchy moth-eaten appearance in the roentgen-ray pictiirt*, 
owing to osteoporosis produced by the hyperplastic marrow. 

The blood shows a secondary anemia, usually mild, but severe in 
the crises. The patient may have a count as low as .‘3,0()(),0()0, and yet 
J)e without symptoms and able to play his part in the world. If the 
anemia becomes severe it may closely resemble the pernicious anemia 
type. The two chief characteristics of the film are microspherulocytes 
and reticulocytes. A spherulocyte is smaller and thicker than normal; 
it is spherical instead of biconcave. This characertistic can be recog- 
nized in wet preparations; in dry smears the cells merely appear as 
densely stained microcytes. Haden has showm that this increase in 
thickness is related to the increased fragility (see below), and that 
microspherulosis is the fundsimental inborn error in congenital hemo- 
lytic jaundice. As biconcave cells become globular when placed in 
hypotonic saline, it is evident that the more globular cells will rupture 
more readily. “The anemia, jaundice, splenomegaly, reticulocytosis 
and increased fragility are all secondary to the globular form of the 
erythrocyte.’" (Haden.) Reticulated red cells are more numerous 
than in any other disease. In place of the usual 1 per cent there may 
be 20 per cent; in the acquired form there may be 50 per cent or more. 
This is an indication of compensatory bone-marrow activity. The 
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white cells share in this activity, and the leucocyte count is generally 
from 12,000 to 15,000. In crises it may go up to 80,0(X). Normoblasts 
may be numerous, and these may be mistaken for leucocytes in the 
counting chamber and cause error in the count. There is an increased 
fragility of the red cells, i. e., they are hemolyzed by salt solution of 
a strength which leaves normal red cells untouched. According to 
Ix)rd Dawson, the fragility is normal in 10 per cent of cases, but my 
own impression is that this number should be higher. It is only the 
small spherical cells which are abnormally fragile, and these are 
selectively removed by the spleen where they are found in large num- 
bers. If Kniscly’s work (see page 70o) is correct, it is possible that the 
basis of hemolytic jaundice is increased activity in the separation and 
storage of erythrocytes, with resulting spherulocytosis. 

Lesions.— The most striking change is in the spleen, which is mark- 
edly enlarged and weighs about 1000 grams. It is firm and of a bright 
red color like a beefsteak. It is stuffed with blood, so that after removal 
it loses considerably in bulk unless the vessels are clamped. The 
capsule is thickened. Microscopically the pulp is entirely occupied by 
red cells, thus presenting a very characteristic appearance. The 
sinuses are empty, and the lining cells may resemble glandular epi- 
thelium. This arrangement of crowded pulp and empty sinuses is 
the reverse of what might be expected from Knisely’s observations, 
but it may be accounted for by the rapid agonal outpouring of red 
cells from sinuses into pulp whkii is known to occur. On the other 
hand it may be more realistic to accept this fact as disproof of the 
idea that increased separation of erythrocytes from plasma is the 
basis of the increased fragility. Another similar fact which might be 
cited is the lack of effect of splenectomy on the fragility and spherulo- 
cytosis, although it may cure the jaundice. The phagocytic cells con- 
tain a large amount of hemosiderin, especially during the hemolytic 
crises. The other rcticulo-endothelial organs (liver and bone-marrow) 
also show hemosiderosis, as do the epithelial cells of the liver and 
kidney. The yellow bone-marrow is hyperplastic and bright red; the 
hyperplasia is normoblastic in type and compensatory in character. 
I have even seen extramedullary erythropoiesis in the spleen. 

The Relation of Symptoms to Lesions.— The essential symptoms are anemia 
and jaundice; the essential lesions are splenomegaly and hemosiderosis. The 
connecting link between the two groups is the increased fragility of the red 
cells, which itself is due to spherulocytosis. Owing to this fragility the red cells 
are unduly exposed to the inimical influence of the reticulo-endothelial cells, 
particularly those of the spleen, and are thereby broken down. Removal of 
the spleen removes one of the chief destructive agents and thus produces 
a clinical cure. “The hemolytic diseases are the children and the spleen is 
their mother, but the father is still unknown and possibly there are several 
fathers.” The presence of bilirubin calculi is to be explained by the excess of 
bilirubin in the blood and in the bile. The acholuria is due to the fact that 
the hemolytic type of bilirubin is unable to pass through the renal filter. 

Siclde-cell toemia.— This condition bears such a strong resemblance to 
hemolytic jaundice that the two should be considered together. Both are 
familial and hereditary. Both are characterized by a hemolytic type of 
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anemia, acholuric jaundice, hemosiderosis, and the appearance of large num- 
bers of reticulocytes. In both there is some defect in the composition of the 
red cells. Splenectomy may cure the clinical symptoms of both, but in neither 
is the underlying weakness improved, in the one case the spherical character 
of the red cells, in the other the sickle-shaped deformity of these cells. The 
disease is apparently confined to the negro, but the white man may show a 
tendency to sickle-cell formation. In the negro the disease may show an 

active or a latent phase, the latter representing 
the sickle-cell tendency. The active phase is 
marked by a fairly severe anemia, leucocytosis, 
hemolytic jaundice, increase of bilirubin in the 
blood and of urobilinogen in the urine. The 
fihn may show large numbers of crescentic 
or sickle-shaped red cells (Fig 416), and many 
reticulocytes. Sickle cells can be shown in 
the latent phase by keeping a moist film scaled 
for a number of hours; as the oxygen tension 
diminishes the red cells become distorted and 
sicklc-sha])ed. Moreover it is the exception, 
not the rule, for active cases to show numerous 
sickle cells, although tailed and pointed forms 
are present. Countless cases have been missed 
in the past through lack of use of the moist 
film. In addition to the blood changes the 
active stage may be marked by fever, joint and 
muscle pains, and enlargement of the sj)Ieen 
and liver. Chronic ulcers are very common in 
the lower half of the leg. 

The lesions are indefinite. There may be 
pools of blood around the Malpighian bodies 
of the spleen, due in Kich^s opinion to a congenital malformation of tiic sinuses. 
There is a general siderosisas well as siderotic nodules in the spleen. The red 
cells in the vessels are distorted. Osteoporosis may be present. 

Eiythroblastic Anemia.— This disease goes by a variety of names, such as 
anemia pseudoleukemica infantum, von Jaksch’s anemia, but is now com- 
monly known as Cooley\s anemia. It is characterized by a constant familial 
and racial incidence, a typical facial appearance, distinctive changes in the 
bones, and enlargement of the spleen. It usually appears in the first two years 
of life and sometimes in the new-born. The familial (hereditary) incidence is 
marked; it has been reported in identical twins. It is a disease of the Medi- 
terranean races, most often in Greeks, but also in Italians, Armenians, and 
Sicilians. The skin is yellow, the face mongoloid, the head enlarged, the 
abdomen prominent, the stature stunted. Owing to hyperplasia of the marrow 
the bones show medullary trabeculations in the roentgen-ray picture, and the 
skull is thickened by the thick diploe. There is a moderate or marked anemia, 
the platelets are increased, and there is a leucocytosis which may reacli 50,000. 
The pathognomonic feature is the presence of great numbers of nucleated red 
cells, both normoblasts and megaloblasts. In one case in the new-born there 
were 90 per cent of erythroblasts. The immature red cells suffer at the hands of 
the reticulo-endothelial cells, which accounts for the anemia and the deposits 
of hemosiderin in the spleen, liver, pancreas, and other viscera, almost like 
hemochromatosis. Excessive erythropoiesis is present in the marrow and in 
the spleen and liver. The course is usually chronic and may last a number of 
years. 

Paroxysmal Hemoglobinuria.— This rare condition is characterized by sud- 
den attacks of fever and chills accompanied by the appearance of hemoglobin 
in the urine. There are two etiological factors, syphilis and exposure to cold. 
The exposure to cold may be very slight, such as washing the hands in cold 
water or even drinking cold water. Usually cold weather is needed, and the 



Fio. 416. — Sicklo-oell anemia. 
M.any erythroeyte.-s are sickle- 
shaped. X 500. 
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most bloody urine that I have seen was passed on a day of 60 degrees of frost. 
Shortly after exposure to cold the patient develops paii» in the muscles and 
abdomen, followed by severe chills and fever. The urine is full of hemoglobin 
and may be of a port-wine color. It contains no well formed red cells, but 
numerous ghosts of hemolyzed cells; the urine is therefore clear, not smoky or 
cloudy as when it contains ordinary blood. The spectroscope shows the 
absorption bands of oxyhemoglobin or methemoglobin. There may be tran- 
sient jaundice, due to the formation of bilirubin from the liberated hemoglobin. 
The spleen may be temporarily enlarged. The blood shows a hemolytic anemia, 
followed by very rapid regeneration. There is a transient leucopenia due to 
the protein shock caused by the rapid liberation of hemoglobin. 

The hemolysis is due to the presence of an aiitohemolysin which is present 
in the blood of some syphilitic patients. This unites with red blood cells in 
the presence of complement but strange to say, only at a low temperature. 
When the two factors of syphilitic hemolysin and a low temperature are both 
present, a sudden reaction takes place with marked hemolysis and the liber- 
ation of large (piantities of hemoglobin in the blood. This causes transient 
hemolytic jaundice and is excreted in the urine giving hemoglobinuria. Hemol- 
ysis with hemoglobinernia and hemoglobinuria may be caused by malaria, 
by drugs of the coal-tar series, or by blood transfusion, but in these cases the 
mechanism is (juite different and })ears no relation to cold. 

The nocturnal Marchiafava-Micheli type of paroxysmal hemoglobinuria occurs 
only during sleep or is more marked at that time. The morning urine is deeply 
colored. The red cells are abnormally susceptible to hemolysis in f)lasma of 
increased acidity such as results from reduced pulmonary ventilation during 
sleep. March hemoglobinuria occurs on physical exertion such as short brisk 
walks; it has been observed particularly in soldiers. 

Congenital Hemolytic Disease. —Tlemolythi disease of the new- 
born is due to a reaction between the Rh factor which acts as an antigen 
in the red blood cells of the fetus and corresponding agglutinating 
antibodies which reach the fetal blood from the maternal circulation. 
It is an interaction of fetal antigens and maternal antibodies. The 
disease may take various forms, which are known by such names as 
congenital anemia, erythroblastosis fetalis, icterus gravis, and hydrops 
fetalis. The conditi«)n is essentially an Rh incompatibility, a term 
more descriptive than the common designation erythroblastosis fetalis, 
for erythroblasts may be present in excess in the fetal blood and tissues 
as the result of other causes (Macklin). 

The red blood cells of the majority of human beings contain an 
agglutinogen known as the Rh factor. This is so called because 
a similar agglutinogen was demonstrated in 1940 by Landsteiner and 
Wiener in the red cells of the rhesus monkey. It is the rhesus factor. 
The presence of the agglutiraigen in human red cells was then demon- 
strated by testing them against anti-rhesus serum. The presence of 
the Rh factor bears no relation to the blood group (using the word in 
the ordinary sense) to which the patient belongs. The Rh agglutinogen 
is not a single substance, but consists of several antigens. It is possible 
to divide the Rh blood type into at least 10 subtypes and probably 
more. Reactions as the result of the various subtypes are fortunately 
rare. About 85 per cent of persons possess the Rh factor so that they 
are Rh positive, whilst 15 per cent lack the factor and are Rh negative. 
There is a racial distribution of the factor as indicated by the fact that 
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90 per cent of negroes and 99 per cent of Chinese are Rh positive. 
Anti-Rh agglutinins may be formed in Rh negative persons following 
the transfusion of Rh-positive blood. An Rh-positive father can 
transmit the factor to the fetus as a simple Mendelian dominant. 
If the mother is Rh negative, anti-Rh agglutinins may be formed in 
her blood as the result of immunization or sensitization by the Rh 
factor of the fetus (Fig. 417). 

The stage is now set for disaster in two possible forms. (1) If 
the mother is transfused with Rh-positive blood, even though belonging 
to the same general blood group, there may be an intra-group trans- 
fusion accident. (2) If the maternal anti-Rh agglutinins reach the fetal 
blood through the placenta, they will react with the agglutinogen in 

the fetal red cells, as a result of 
which there will be a slow con- 
tinuous hemolysis of those cells, 
although in the test tube the 
reaction takes the form of ag- 
glutination. 

TheRh Factor in Blood Trans- 
ftmon, — Intra-group blood 
transfusion reactions are usually 
due to the Rh factor. The 
danger arises if an Rh-negative 
person is transfused with Rh- 
positivc blood a number of 
times. (In rare instances a 
single transfusion is sufficient.) 

Fio. 417.-DiaKran. t,. illustrafc Rh factor. Sensitiziltioil OCOUFS it ai>- 

(Courtesy of Dr. 1. Eii)). pcars to be permanently im- 

printed on the individuars 
constitution, and a further transfusion years later may be followed 
'l)y a severe reaction. In women an initial transfusion is not neces- 
sary, provided they have become sensitized by having had an Rh- 
positive child. Thus Rh-negative women wffio have borne children 
should be transfused onlj^ with Rh-negative bloofl. 

The Rh Factor in Pregnancy , — In pregnancy the presence of the 
Rh factor in the red cells of the fetus carries a twofold threat, first 
to the mother and secondly to the child. The former, the danger 
of a transfusion reaction due to the presence of Rh antibodies in the 
woman’s blood, has already been discussed. In the child the threat 
is the development (>f hemolytic disease of the fetus and the new-born. 
'^I’he chance of dangerous consequences is not as great as might be 
feared, as will be evident from the following figures. One out of 12 
marriages involves an Rh-positive husband and an Rh-negative wife, 
''rhe incidence of hemolytic disease of the infant is about 1 in 250 to 
500 deliveries, that of the severe jaundiced form of erythroblastosis 
fetalis 1 in 1500 deliveries, and the fatal hydrops form 1 in 2000 
deliveries. While the condition may arise in the first pregnancy, it 
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may not develop until after the tenth normal child has been born. 
Not all mothers v/ho are Rh negative become sensitized by an Rh- 
positive fetus. The exact percentage who escape and the reason for 
this is unknown. 

The child may be born dead, especially in the hydrops cases, it 
may live only a few days, or it may survive. About 7 per cent of 
those which survive are mental defectives. If jaundice develops it 
usually does not do so until some days after birth. This is appareritly 
due to excretion of the excess of bilirubin through the placenta. In 
the most severe form of all, hydrops fetalis, jaundice is absent. 

It sometimes happens that the titer of agglutinins in the maternal 
blood bears no relation to the severity of the hemolytic disease in the 
child. Indeed in the hydrops cases there may be an apparently 
complete absence of maternal agglutinins. This paradox is explained 
by the discovery in the maternal serum of what have been called 
blocking antibodieff in addition to the usual agglutinating antibodies. 
Tlic blocking antibodies interfere with the union in the test tube 
between the antigens and the agglutinating antibodies, so that the 
presence of the latter is readily overlooked. 

The clinical ^picture in the child is one of congenital anemia with 
erythroblastoffis fetalis. Jaundice may or may not be present. There 
arc great numbers of nucleated red cells, a compensatory phenomenon, 
and active erythropoiesis in the liver and spleen, together with hemo- 
siderosis in these and other organs. The child may die in the course 
of a few days of malignant icterus neonatorum. In such a case the 
nuclear structures of the brain show intense staining with bile 
(‘^Ceriiictcrus”). In congenital hydrops the child is likely to be born 
dead with edema and marked ascites. The cause of the edema appears 
to be an increased permeability of the capillary walls due to anoxemia. 
The hydrops variety is associated with a greatly enlarged and edema- 
tous placenta, the surface being made up of large, friable, pale cotyl- 
edons. Microscopically the villi show evidence of immaturity, such 
as large size, the persistence of Langhans cells w^hich normally disappear 
about the middle of pregnancy, and the presence of numerous ery- 
throblasts in the capillaries. In the jaundiced form of erythroblastosis 
the changes in the placenta are similar but of much milder degree. 
If the fetus has died before the onset of labor and become macerated 
it may be very difficult to establish a diagnosis. Here again the 
presence of placental changes and of numerous erythroblasts in the 
pulmonary capillaries is of great value (Potter). 

PURPURA 

Purpura is a condition in which there are hemorrhages in the skin 
and mucous membranes. It is a symptom or symptom-complex rather 
than a disease, and there are many varieties of purpura. Of these 
there is one which forms a definite disease entity which must be sharply 
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differentiated from all the other varieties, and which is usually known 
as purpura hsemorrhagica. 

Purpura Hemorrhagica.— -This is also called Werlhof’s disease and 
primary thrombocytopenic purpura, the latter an excellent descriptive 
title, but a trifle cumbersome. It was described by Werlhof in 1740, 
but it was not until 1910 that Duke demonstrated that the essential 
basis of the condition was a thrombocytopenia or decrease in the 
number of the blood platelets (thrombocytes). 

Symptoms.— The disease is commoner in young people of the female sex. 
The hemorrhages which form the chief clinical feature may be small petechia? 
or large ecchymoscs. There may be hemorrhages into the skin, hemorrhage 
from the mucous membrane of the nose, mouth, stomach, intestine, and uterus, 
and blood in the urine. The hemorrhage may be spontaneous or traumatic. 
Hemorrhage due to trauma may last for an hour or more; the bleeding-time 
is prolonged, but the clotting-time is normal. In hemophilia, on the other 
hand, the clotting-time is prolonged, but the bleeding-tirne is normal. A 
tourniquet applied to the arm so as to obstruct the venous but not the arterial 
flow causes petechisc to appear below the tourniquet. The spleen may be 
moderately enlarged, and splenectomy may be attended by brilliant results. 
In this connection it must be recognized that the disease may follow an acute 
or a chronic course. The acute cases prove fatal in the course of a few weeks, 
and splenectomy is not of the slightest use. The chronic cases may go on h)i’ 
months or years, and for some unexplained reason there may be intermissions 
when the patient is free from all signs of the disease. It is in these cases that 
splenectomy gives the best results. 

The most striking change in the blood is the thrombocytopenia. The 
normal number of platelets is 200,000 or 250,000 per c.mm. In purpura 
haemorrhagica the number is usually below 60,000, and in severe cases they 
may entirely disappear. We can only guess at the cause of this remarkable 
disappearance. It seems probable that the platelets are defective in quality, 
just as are the red cells in hemolytic jaundice and sickle-cell anemia. They 
therefore fall an easy prey to the destructive and phagocytic powers of the 
reticulo-endothelial cells in the spleen, liver, bone-marroAv, and lymph nodes. 
Splenectomy removes the largest collection of these cells, so that the fragile 
platelets are now able to hold their own. It is possible to prepare an anti- 
platelet serum which when injected into an animal causes an extreme fall in 
the number of platelets with the appearance of purpuric symptoms. It is of 
interest to note that in hemophilia (see p. 848) the platelets are less fragile 
instead of more fragile than normal. In some cases there may be no marked 
change in the platelet count, but in these there may be a cjualitative change. 
In the general discussion of blood platelets we have seen that it is the small 
(young) platelets which are active in stopping bleeding, the larger ones being 
inactive. In purpura hemorrhagica there may be many large and giant plate- 
lets, but although giants morphologically they are dwarfs functionally. 

The blood shows other changes. There is an anemia of varying severity, 
depending on the degree of the hemorrhage. Leucocytosis is present after 
the hemorrhages. The clotting-time is normal and the bleeding-time greatly 
prolonged. A very characteristic feature due to the absence of platelets is 
loss of contraction power of the clot, so that it is unable to shrink from the 
side of the test-tube in which the blood is collected. 

Lesions.— The germinal centers of the lymph follicles in the spleen 
are large and active. The sinuses are nearly empty, and the lining 
cells are swollen and may resemble glandular epithelium. A char- 
acteristic finding is the presence of megakaryocytes in the sinuses of 
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the spleen, and also in the liver sinusoids and other capillaries (Nicker- 
son and Sunderland). Hyaline megakaryocytes which produce large 
pscudoplatelets are found only in this disease. 

The Relation of Symptoms to Lesions.— The main symptom is the hemor- 
rhage, the main lesion thrombocytopenia. In discussing the relation between 
these two it is fundamental to distinguish between spontaneous hemorrhage 
and the hemorrhage which follows trauma, both of which are present in pur- 
pura. The prolonged bleeding-time after an incision is due to the lack of 
platelets. Hemorrhage from a vessel is first arrested not by the production 
of fibrin but by the formation of a plug of platelets which adhere together 
and close the hole temporarily until a permanent clot is produced. In the 
absence of the platelets this all-important clot cannot be formed. The plate- 
lets also initiate the process of clotting, for when they disintegrate owing to 
injury they liberate the necessary thromboplastin. Only a small number of 
platelets are necessary for this purpose, and there arc sufficient in most cases 
of purpura, so that the coagulation-time is normal. The excess of platelets 
causes retraction of the clot in some unknown way. In purpura there is 
no excess, so that the clot in the test tube fails to retract. 

The cause of the spontaneous hemorrhage, which after all is much more 
common and important than hemorrhage due to trauma, remains a mystery. 
Presumably it bears some relation to the thrombocytopenia. It is as if the 
vascular pipes normally leaked, perhaps as the result of minimal trauma, but 
the leaks are continually plugged by the platelets. In thrombocytopenia sucii 
plugging is no longer possible. The long intermissions in the chronic cases are 
also difficult to explain. A final difficulty is the therapeutic effect of splenec- 
tomy. The theoretical basis for this form of treatment is the observation that 
removal of the spleen in a normal animal is followed by a marked rise in 
platelets. This o(;curs also in man, but in the course of a few weeks or montiis 
the platelets may fall again to their original level, and yet the patient may re- 
main free from purpuric manifestations. There must be more in splenectomy 
than meets the eye. It is important to note that removal of the spleen may 
produce a temporary but not a permanent cure; the patient may remain well 
for a year or two, and then the purpuric manifestations may return. Cases 
should be followed for from three to five years before one can be certain that 
the condition is cured. 

Secondary Purpura.— So-called purpuric hemorrhages into the skin 
and mucous membranes may occur in a variety of pathological condi- 
tions. Toxic injury to the vessel walls may cause such hemorrhages in 
septicemia and in the infectious fevers, especially meningococcus 
meningitis, scarlet and typhus fevers, where they form a purpuric or 
hemorrhagic rash. Lesions of the bone-marrow with reduction in the 
number of blood platelets may cause purpuric manifestations more 
nearly ndated to those of primary thrombocytopenic purpura, though 
the platelets seldom fall to so low a level. Widespread secondary 
carcinoma of the marrow, lymphatic leukemia, and pernicious anemia 
may produce secondary purpura of this type, but the most striking 
example is aplastic anemia with its great reduction in the number of 
megakaryocytes from which the platelets are formed. 

The Exudative Diathesis.— In some persons there is an increased 
permeability of the small bloodvessels, as a result of which both plasma 
and red cells can pass out into the tissues. The platelets are normal. 
The condition is not permanent, but comes on in attacks resembling 
anaphylaxis. These cases are classed as simple idiopathic purpura^ 
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and are subdivided into a number of clinical groups. The escape of 
red cells from the vessels causes purpuric lesions, but the escape of 
plasma may cause urticaria in the skin and even more important 
visceral lesions. The following forms of the exudative diathesis may 
be distinguished. 

Purpura Simplex.— A mild condition of purpura occurring in chil- 
dren. The hemorrhages are confined to the skin and clear up in a 
week or two. 

Henoch’s Purpura. —In this form of the diathesis there are lesions in 
the skill, mucous membranes, and wall of the alimentary canal. Hem- 
orrhage, urticaria, and erythema occur in the skin. There may be 
hemorrhage from the nose, stomach, bowel, and kidney. The most 
distinctive feature of this variety is the occurrence of transudation of 
serum into the wall of the stomach a.id intestine, thus causing pain, 
vomiting and diarrhea. Intussusception may occur. If the skin mani- 
festations are absent or delayed, the patient is in danger of having 
his abdomen opened and his appendix removed. The occurrence of 
fever and leucocytosis makes this danger even greater. 

Schonlein’s Puipura.—This hardly deserves a special name. It is 
merely a form of the exudative diathesis in which the main manifesta- 
tions are in the joints. The skin shows purpuric spots, urticaria, and 
erythema. There is a serous exudation into the joints causing an 
acute arthritis which is easily mistaken for rheumatic fever, especially 
as the temperature may be raised. 

HEMOPHILIA 

Hemophilia, '^the bleeding disease,’* is characterized bj^ prolonged 
bleeding following a cut or trauma, but not by spontaneous hemor- 
rhage. It is the most hereditary of all hereditary diseases, and repeats 
itself in generation after generation. Famous examples occurring in 
the royal families of Europe are known to everyone. It is almost 
invariably confined to males but transmitted by females of the family. 
It is, therefore, an example of sex-linked heredity. Birch finds that 
the urine of patients with hemophilia is deficient in the female sex 
hormone as tested by its effect in producing estrus in castrated female 
rats. Some workers have confirmed these results, but others have 
failed to do so. The hemorrhagic tendency appears in early child- 
hocKl. A simple injury such as the extraction of a tooth may give 
rise to a fatal hemorrhage. Hemorrhage into the large joints after 
slight trauma is common. The hemophilic joint, usually the knee or 
elbow, develops a condition like chronic arthritis; some of the blood 
is not absorbed, and this causes proliferation of the synovial membrane 
and erosion of the cartilage. 

'^rhe striking blood change is the very prolcmged coagulation-tmie, 
sometimes several hours in length. The blccding-time, i. e., the time 
blood continues to flow from a minute puncture of the skin, is normal 
in the majority of cases, as there is no thrombocytopenia; it is the 
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platelets which plug such a puncture. When the clot does form, it 
shows normal retraction. In these respects hemophilia differs from 
purpura hsemorrhagica, and also in the fact that spontaneous hemor- 
rhage is the characteristic feature of the latter but not the former. 
The reason why blood continues to flow from a cut but not from the 
puncture made in estimating the bleeding time is that hemorrhage 
from a cut is arrested primarily by the formation of a clot, whereas 
hemorrhage from a puncture is stopped by a plug of platelets. Curiously 
enough, the fundamental lesion in hemophilia appears to be a qualita- 
tive defect in the platelets, but it is the opposite defect to that which 
was found, or rather suggested, in purpura. The platelets are normal 
in number, but of decreased fragility. For the coagulation of blood 
the following elements are necessary: fibrinogen, prothrombin, cal- 
cium, and thrombokinase. The first three are present in the circulat- 
ing blood, and are normal in amount in hemophilia. Thrombokinase 
is liberated from the platelets when the blood is shed, and also from 
tissue cells. The prothrombin conversion rate is extremely slow, 
although brought back to normal by the addition of a minute amount 
of organ extract containing thrombokinase. Unless the platelets break 
dow n they do not liberate thrombokinase. In hemophilia the [datelets 
are abnormally stable and resistant. If normal blood is collected from 
a vein into a paraffined tube, the platelets disappear in a few" minutes, 
as is seen in the stained smears. In hemophilic blood the platelets 
may be found intact several hours later. Coagulation does not occur 
until the platelets disintegrate. When the resistance of the platelets 
is overcome mechanically by means of a pestle and mortar, the blood 
clots normally. It w^ould appear, therefore, that hemophilia is a 
hereditary defect in the platelets as a result of which they liaA C an 
increased resistance, a defect w"hich is transmitted to the male by the 
female of the species. 


HYPERPLASTIC DISEASES 

There is a group of diseases in which there is evidence in the blood 
of permanent hyperplasia of the hemopoietic tissues, with o\’er- 
j)roduction of erythrocytes, granulocytes (myeloid cells), or lympho- 
cytes. These conditions are known respectively as erythremia, myel- 
ogenous leukemia, and lymphatic leukemia. It seems probable that 
they are all neoplastic in nature. 

Leukemia.— The essential feature of leukemia is a neoplastic pro- 
liferation of the leucoblastic tissues, as a result of w"hich there is 
usually a great increase in the w"hite cells of the blood. The increase 
may aflect the myeloid cells (myelogenous leukemia), the lymphoid 
cells (lymphoid leukemia), or the monocytes (monocytic leukemia). 
Occasionally there is proliferation of wdiite cells in the tissues, but they 
fail to appear in the blood stream. Such a condition is called aleuheiiiic 
leukemia^ but it w"ould be much better to speak of aleukemic myelosis, 
aleukemic lymphadenosis, or aleukemic reticulo-endotheliosis, depend- 
54 
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ing on which of the leucoblastic tissues is affected. It is not a separate 
disease entity, but merely a phase of the leukemic state, for sooner 
or later the blood becomes flooded with white cells; Even before this 
happens, abnormal types of leucocytes may be found in the blood, 
although the total count is not raised. The leukemia is usually of the 
lymphatic type. It is evident that it may be difficult or impossible to 
draw any sharp distinction between aleukemic lymphadenosis and 
lymphosarcoma, for the latter condition may also terminate with a 
leukemic blood picture. There can be little doubt that from the patho- 
logical standpoint these conditions are closely related. 

Leiikanemia is another unsatisfactory term applied to a blood picture in 
which the features of leukemia and pernicious anemia are combined. The 
appearance is deceptive, for the case can always be shown to belong to one or 
the other group. In pernicious anemia primitive white cells may appear in 
the blood, and in leukemia mcgaloblasts may sometimes be found. Leukanemia 
is merely leukemia with severe anemia and the appearance of unusually 
primitive red cells in the blood. 

The leukemias fall into three main groups, viyelogmousy lymphatic, 
and vwnonjtic leukemias. To these may be added a fourth, acute 
leukemia. Rare eases in which plasma cells are present in the blood 
and leucoblastic tissues in large numbers are known as plasma cell 
leukemia. The distinction between the fully developed and classical 
t^'pes is very easy. Sometimes the distinction is very difficult. The 
more acute the disease, the more difficult is it to be certain of the 
nature of the abnormal white cells, for it is the primitive blood cells 
which appear in the acute cases, and these lack distinguishing charac- 
teristics. It is customary to describe the different forms separately, 
but we shall consider them together in order to avoid needless repetition. 

The Blood.— in all forms of leukemia there is a marked increase in 
the number of the white cells. But such an increase is not of itself 
pathognomonic. Temporary counts as high as 10(),()0() may be met 
with in infective conditions, and as the result of treatment the white 
cell count may fall to normal in a leukemia. Much more character- 
istic is the presence of immature white cells, but these also may occur 
in other conditions which throw a strain on the bone-marrow, and a 
terminal leukemoid blood picture may closely simulate an acute ter- 
minal leukemia. At the same time it must be understood that in the 
great majority of cases the correct diagnosis can be made without the 
slightest difficulty merely by a glance at the stained blood film. 

In myelogenous leukemia there is a great increase in the granular 
series of cells, both primitive (myelocytic) and adult (polymorpho- 
nuclear) in type (Eig. 418) ; the cells in either of these groups may be 
neutrophil, eosinophil, or basophil. The myelocyte usually forms the 
prominent feature of the film. (Plate XXV, Fig. 1). It is a large cell 
about double the size of the polymorphonuclear, with an indented or 
lobed nucleus and abundant cytoplasm containing granules which 
may be fine and neutrophil, or coarse and eosinophil, or basophil. 
More primitive leucocytes are seen in the terminal stages or in the 
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acute form of leukemia; these are myeloblasts with non-granular 
cytoplasm. The total leucocyte count averages 200,000, but it may 
go as high as 500,000 or even 1,000,000. As a result of radiation, benzol 
treatment or an acute infection such as pneumonia, there may be a 
great drop in the cell count, sometimes to normal. All the elements of 
myeloid tissue tend to take part in the abnormal activity; in other 
words, there may be a complete myelosis. Primitive red cells, there- 
fore, appear in the blood, and normoblasts are more numerous than, 
in any other disease— far more numerous than in pernicious anemia. 
Sometimes there are macrocytes and megaloblasts in considerable 
numbers. In spite of this activity in the bone-marrow there is a 
marked and progressive anemia, owing to the erythroblastic tissue 



4 IS. — MyeloKeiioiis leukemia. Several mycloeytcs and very many polymorpho- 
nuclear leucocytes. X 10(H). 

being crowded out by the myeloid cells. In extreme cases there may be 
equal numbers of red and white cells. The megakaryocytes also take 
part in the myelosis, and there is, therefore, a great increase of plate- 
lets in the blood, sometimes to 2,000,000. The megakaryocytes them- 
selves may be found in the blood. If it is remembered that there may 
be 1,000,000 white cells, 1,(K)0,000 red cells, and 1,000,000 platelets, 
some of the principal features of the blood picture may be recalled. 
As the lymphocytes are not formed in the marrow, the percentage 
count is greatly reduced. 

In lymphatic leukemia only the lymphoid cells are increased, and 
may form as much as 90 per cent of the total count, although 90 per 
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cent is a commoner figure. (Plate XXV, Fig. 2.) The average count 
is 50,000 to 100,000, rather lower than in the myelogenous form. The 
lymphocytes contain less cytoplasm than the normal small lympho- 
cytes, so that they may appear as naked nuclei, and the cytoplasm 
usually contains no azurophil granules. Many of the lymphocytes 
appear to be dead, so that in the slide they look like a smeared nucleus, 
the so-called smudge. (Fig. 419.) Primitive myeloid cells may appear 
in the later stages, owing to irritation of the marrow produced by 
deposits of lymphoid cells. Secondary anemia becomes marked when 
the marrow replacement reaches a severe degree, but there is none of 
the erythroblastic activity characteristic of myelogenous leukemia, so 
that there are no normoblasts or only a very few. For the same reason 
blood platelets are much diminished in the later stages. 



Fig. 419. — Lymphatic leukemia. Three types of cells can be seen: (1) small lympho- 
cytes, (2) lymphocytic “smudges,** (3) red blood cells. X 400. 


A consideration of the red cells and the platelets is of more use for 
differentiating myelogenous from lymphatic leukemia in difficult cases 
than is a study of the primitive white cells. Anemia is much more 
marked in the myelogenous than in the lymphatic form and megalo- 
blasts are frequent. In lymphatic leukemia there is a great fall or 
complete disappearance of the platelets associated with bleeding, as 
indicated by petechise in the skin and occult blood in the stool and 
stomach contents, whereas in the myelogenous form the platelets are 
not greatly affected until the late stages of the disease. 

A rare monocytic leukemia has been described, in which there is sup- 
posed to be a large increase in the number of monocytes. It is probable 
that at least the majority of cases represent an atypical phase of myelo- 
genous leukemia, because a large percentage have ended as the latter 
disease. 
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In axyuie leukemia the white cell count is seldom very high, and in 
the early stages it may be subleukemic (below 30,000) or aleukemic. 
At first sight nearly all the cells appear to be large lymphocytes 
(Plate XXVI), and it used to be thought that most cases of acute 
leukemia were of the lymphatic type. It now appears probable that 
the acute cases are most lymyeloid in type and that the predominant 
cells are myeloid stem cells. It is often impossible to distinguish with 
certainty between a myeloblast and a lymphoblast, although, the 
hematologists give a number of fine points of difference. The ordinary 
worker who is not a specialist in hematology will learn more by the 
indirect method of studying the more fully developed cells than by 
trying to stain stem cells by peroxidase or other special methods. If 
the primitive cells arc myeloblasts, some myelocytes and a few poly- 
inorphonuclears will be noticed. If they are lymphoblasts the only 
differentiation is toward the lymphocyte. In such cases there may be 
very large lymphocytes with pale nuclei, the so-called Rieder’s cells. 
When moving pictures of tissue cultures of stem cells are studied. 




12 3 

I’ni. 420. Myeloblast, lyrnplioblast and monoeyte in motion. (Kifh, VV'introbe and 
Lewis, courtesy of Bull. Johns Hopkins Hospital.) 


striking differences at once become apparent, both in form and in 
method of locomotion (Rich, Wintrobe and Lewis). The myeloblasts 
become elongated and wriggle through the culture in a highly char- 
acteristic twisting writhing worm-like manner, whereas the lympho- 
blasts maintain a rather fixed shape like that of a hand mirror with a 
tail-like process, and move forward in a steady unperturbed manner, 
whilst monocytes continually^ throw out pseudopodia bordered by a 
broad, filmy, undulating, ruffle-like margin, and dart now in one 
direction, now in another. (I'ig. 420.) Roentgen-ray therapy causes an 
initial drop in the white cell comit; when it again goes up, the cells will 
be much more mature and readily recognized. There is severe anemia 
and great diminution of the platelets. Megaloblasts may be numerous, 
so that in the early aleukemic stage the disease may be mistaken for 
pernicious anemia. 

The most important feature in any form of leukemia is the presence 
of stem cells. These show that the case is definitely one of leukemia; 
the adult forms indicate the type of leukemia. Stem cells are recog- 
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iiized by their deeply basophilic cytoplasm, relatively large nucleus, 
and the nature of their nuclear pattern, the latter serving to distinguish 
them from adult ly mphocytes. In the lymphocytes the nuclear chro- 
matin forms a coarse pattern in heavy blocks, but no nucleoli can be 
distinguished. In contrast to this the nuclear chromatin of the stem 
cell is arranged in very fine strands like a sieve, and one or more 
nucleoli can usually be seen. 

Bone-marrow.— In myelogenous leukemia, as the name implies, the 
basis of the disease is a leucoblastic overactivity^ of the myeloid tissues. 
The red marrow becomes filled with immature white cells, and the 
fatty yellow marrow is converted into actively functioning tissue. Its 
gross appearance varies. It is firm, and may be gray, brown, or red; 
sometimes it is soft and purulent. The principal cell is the neutrophil 
my elocyte, but the micrtiscopic picture is a complex one, for all varieties 
of leucocytes and of myelocy tes are present. There are also groups 
of non-graniilar myeloblasts, and these cells ma.y enter the blood in 
considerable numbers in the terminal stage of the disease. 'Fhe 
megakaryocytes are increased in number, thus accounting for the rise 
in the platelet count. The ery throblastic tissue is largely replaced b\' 
leucoblastic elements. In lymphatic leukemia the marrow is invaded 
by lymphoid cells. At first there arc only^ isolated islands of lymphoid 
tissue, but eventually the entire marnnv, both red and white, is replaced 
by these cells. The gross appearance is the same as in the my elogenous 
form. In acute leukemia the .marrow is packed with myeloblasts, 
together with a few myelocytes and a very few red cells; t\v- erythro- 
blastic tissue of the red marrow is almost entirely rej)laced. 

Spleen. — In myelogenous leukemia the spleen is greatly enlarged and 
may’ fill the entire abdomen, sometimes weighing as much as 10,000 
grams. It is dark in color, and infarcts arc common, due probably* 
to the formation of leucocytic thrombi in the small vessels. Micro- 
scopically* the ly niphoid tissue has disappeared, and the pulp has the 
same stru(!ture as the marrow, being crowded with my eloid cells of 
every descrii3tion. It is probable that most of these cells have been 
arrested by the splenic filter, but there may* j)ossibly* be some my'eloid 
metaplasia, an assumption by* the spleen of its primitive blood-forming 
function. In the lymphatic form the spleen is moderately* enlarged, but 
in the very chronic cases the enlargement may* be as great as in the 
my elogenous form. '^I'herc is extreme hyi>erplasia of the l.vmph follicles, 
and tile pulp is replaced by lymphocytes. In monocytic leukemia 
the spleen, lymph nodes, and liver are slightly enlarged and are full 
of monocy tes. In the acute form the spleen is enlarged to a varying 
degree. The more acute the process, the less is the enlargement, aial 
in the most severe and rapid cases it may hardly be enlarged at all. 

Lymph Nodes.— In lymphatic leukemia the lymph nodes all over the 
body are enlarged. The greatest enlargement is seen in the abrlomitiai 
glands whi(;h may be as large as a walnut. The normal structure is 
entirely* replacerl by lymphocytes, and the microscopic picture cannot 
be distinguished from that of a lymphosarcoma. The intestinal and 
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Acute Leukemia 

Thivi* l)hist ceils ami one micloar snniflue. 
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other lymphoid tissue show the same enlargement. In the myelogenous 
form the nodes are usually normal in size, although in exceptional 
cases they may be enlarged so as to suggest lymphatic leukemia. The 
sinuses are crowded with myeloid cells. In the acute form the lymph 
nodes and tonsils are enlarged and filled with myeloblasts. 

Other Organs.— In the other organs the vessels are crowded with 
myelocytes or lymphocytes, depending on the form of the leukemia. 
Some of these cells appear to be outside the \Tssels, and there is often 
a suggestion of infiltration such as might occur in a neoplastic process. 
The liver may be moderately or jnarkedly enlarged, and small nodules 
can be seen on the cut surface. These represent leukemic collections 
in the portal tracts, myeloid or lymphoid as the case may be. (Fig. 421.) 
Large numbers of the cells arc outside the \cssels, apparently due 
to an infiltrative process, but some writers consider that the appear- 
ance is due to a reversion of the liver to its primitive blood-forming 



421 . — Leukemif- livrr. The sinusoids of the liver nre widely dihtended with lynipho- 
eytes, the ejisc beiiiR one of lymphatic leukemia. X 400. 

function, the immature cells being formed in situ. The same gross 
and microscopic appCfTrance is seen in lymphatic leukemia; the cel- 
lular colk'ctions are formed of lymphocytes. The kulneys are pale 
and slightly or moderately enlarged. Here again the leukemic cells 
may lie outside as well as within the vessels. The heart, lungs, and 
other organs show a similar condition. Hemorrhage from the mucous 
membranes is a striking feature of acute leukemia, and in myelogenous 
leukemia there may be hemorrhage into the brain, the retina, and 
the middle ear. 

In some cases there is marked infiltration and invasion not only 
of an organ but of the surrounding parts. This process, which has 
been called leulcosarcoma, is true malignant neoplasia. As a rule it 
develops at a single site. 

Chloroma. -This very rare tumor is of theoretical interest, because it forms 
a link between leukemia and tumor growth; it is a malignant tumor with a 
leukemic blood picture. Green tumors {klorosy green) are formed in the flat 
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bones of children and young adults, especially in the face and skull, where they 
may fill the orbit and push the eye forward. The sternum, spine, ribs and 
pelvic bones (red-marrow bones) are involved, and occasionally the long bones. 
There may be green tumors in the liver, kidneys, muscles and skin. The spleen 
and lymph nodes ai*e often enlarged. The green color fades on exposure to 
air; the nature of the pigment is unknown. The bone-marrow of the long 
bones is filled with green tumor tissue. The tumors which can be detected 
clinicallj'^ are under the periosteum, but it is probable that the primary growth 
is in the marrow, and that the periosteal tumors are secondary. The lesions 
consist of large non-granular cells similar to those of acute leukemia; there 
may be numerous granular myelocytes. The tissues (frozen sections) give the 
oxydase reaction. The tumors are much more invasive than the cellular 
collections of leukemia. The blood shows a picture of acute leukemia, although 
the total white cell count is not always increased. It used to be thought that 
the abnormal cells belonged to the lymphoid series, but it is now believed 
that they are myeloblasts. The distribution of the lesions in chloroma resem- 
bles that of multiple myeloma; the chief distinction between the two being 
that in myeloma the tumor cells do not enter the blood stream. I^oth arc 
invariably fatal. 

The Nature of Leukemia.'- leukemia is a disorderly, non-altniistie 
proliferation of myeloid or lymphoid cells, and on this account may 
be regarded as a neoplasm. A number of facts suggest that it may 
be inflammatory in nature. It resembles the leucocytosis and lympho- 
cytosis of acute infections, fever may be a marked feature in acute 
leukemia, and a leukemia-like condition in fowls (leukosis) can be 
transmitted by tlie injection of a cell-free filtrate. In spite of these 
arguments Ave may repeat that leukemia is probably neoplastic in 
nature. Possibly it has a place in the dim borderland between inflam- 
mation and neoplasia. In leukosarcoma it has stepped across the 
borderline into frank malignancy. It is very difficult to draw any sharp 
line between lymphatic leukemia and lymphosarcoma. Myelogenous 
leukemia, chloroma, and multiple myeloma have much in common, 
including the appearance of lience-Jones’ protein in the urine in all 
three conditions. No one denies that lymphosarcoma, chloroma, and 
myeloma are true tumors. It is true that in leukemia there is seldom 
any marked degree of infiltration, but we must remember that the 
leucocyte is a peculiar cell in a class by itself. As (xulland remarks: 
“It is the gypsy among cells. The body for its own purpose forms 
traps to hold it- marrow, lymph glands, and so on— and encourages 
it to proliferate there, but it is always eager to be off on its own busi- 
ness.” We would not expect such a cell to be markedly infiltrative. 

The Relation of Sjrmptoms to Lesions. -The clinical manifestations of the 
three main forms of leukemia naturally differ considerably. The age incidence 
of acute leukemia is in early life, being commonest in the first five years; 
myelogenous leukemia usually occurs between the ages of twenty-five and 
forty-five years, and lymphatic leukemia between the ages of forty-five and 
sixty years. The patient suffers from the usual weakness, dyspnea and palpi- 
tation of severe anemia, due to replacement of the erythroblastic tissue in the 
bone-marrow. There may be a fulness and dragging sensation in the abdo- 
men due to the great splenic enlargement. This enlargement may sometimes 
be as great in the lymphatic as in the myelogenous form. The condition of the 
superficial lymph nodes is not always a reliable indication as to the presence 
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or absence of general lymphoid hyperplasia, for the deep nodes (abdominal 
and mediastinal) may be greatly enlarged though the superficial ones are 
barely palpable. Pain and tenderness of the sternum and more rarely of the 
long bones may be quite striking; this is caused by the hyperplastic-neoplastic 
process going on in the interior of the bone. Hemorrhages are common in all 
the varieties, particularly in the acute form, so that leukemia is classed as one 
of the ‘‘bleeding diseases.^’ There may be hemorrhage from the nose, mouth, 
or bowel, or into the brain or retina. Bleeding gums and necrotic processes 
in the mouth, associated with fever and severe and progressive anemia are 
characteristic features of acute leukemia. The cause of the hemorrhage in 
.leukemia is obscure. The coagulability of the blood is greatly decreased, but 
the reason for this is also unknown. Priapism may occur in the myelogenous 
form, due probably to engorgement of the penile cavernous tissue. Ascites, 
sometimes chylous, and chylous effusions in the chest may be due to pressure 
of enlarged glands on the thoracic duct. The basal metabolic rate is high 
owing probably to the increased metabolic activity of the great numbers of 
immature cells. The fever, which is most marked in acute leukemia, may be 
due to the same cause. A large amount of uric acid may appear in the urine 
owing to disintegration of nuclear material and liberation of nucleoproteins. 
The presence of Bence-Jones^ protein in the urine is characteristic of bone- 
marrow lesions, being also found in chloroma and more particularly in multiple 
myeloma. 

Erythremia.— This is a primary increase in the number of red blood 
cells, just as leukemia is a primary increase in the leucocytes. It is 
also known as polycythemia vera, polycythemia rubra, and Vaquez- 
Osler’s disease. It must be distinguished from erythrocytosls or secon- 
dary polycythemia, a compensatory increase of red cells in conditions 
of insufficient oxygenation, e, g,, congenital heart disease, chronic 
valvular disease of the heart, emphysema, pulmonary arteriosclerosis, 
and residence at high altitudes. Erythrocytosis is a temporary condi- 
tion, and corresponds to leucocytosis. 

In true erythremia (polycythemia vera) there is an increase of the 
red cells irrespective of the needs of the body; they usually number 
from 7,000,000 to 10,000,000 per c.mm. In addition there is an 
increase in the volume of the blood, a true plethora, so that the total 
increase of red cells is greater than is indicated by the hemoc 3 "tometer 
count. The blood becomes more viscid owing to the great number of 
red cells. The hemoglobin is increased to 125 or 150 per cent, and 
the color index is about 1. There is a moderate leucocytosis with a 
pol^unorphonuclear count of over 80 per cent. Occasional primitive 
red and white cells (normoblasts and mjTlocytes) may be seen in the 
film. The bone-marrow is markedly h\pcrplastic, the change being 
chiefly erythroblastic (normoblastic) in t^^pe, but with areas of m.yelo- 
cytic reaction. It also shows capillary thickening and marked sub- 
intimal and adventitial fibrosis of the arterioles. Splenomegaly is 
present, usually moderate, but sometimes marked. 

It has been shown experimentally^ that imbalance of the vasomotor 
mechanism may exert a marked influence on the peripheral blood cell 
mass (Schafer). Removal of the carotid sinus and the cardio-smrtic 
proprioceptive nerves in dogs is followed by pronounced persistent 
polycythemia, the red cell count being restored to normal by para- 
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vertebral sympathectomy. The mechanism involved is probably the 
production of an anoxemic condition of the bone-marrow due to vaso- 
constriction; this is known to stimulate the production of erythrocytes. 
These observations suggest at least a possible genesis of erythemia. 

The Relation of Sjrmptoms to Lesions. — The polycythemia appears to be 
due to a primary erythroblastic hyperplasia of the bone-marrow which may 
be neoplastic in character. A relationship to leukemia is suggested by the 
fact that occasional cases have changed from erythremia into leukemia of 
myelogenous type. A myeloblastosis in which the primary effect is on the 
erythroblastic tissue results in erythremia; when the primary effect is on 
leucoblastic tissue leukemia develops. The appearance of the patient is 
striking; the skin and mucous membrane of the mouth are red or bluish-red 
and the conjunctiva is blood-shot. The color is due to the increased number 
of red cells. At postmortem the visceral vessels are greatly distended owing 
to the increased blood volume; this is best seen in tlie mesenteric veins and 
these vessels ma\'^ be thrombosed. Vertigo and sensations of fulness in the 
head are common ; they are due to the great distention of the cerebral vessels, 
so that when the patient stoops he feels as if there was a rush of blood to the 
head. Hemorrhage from the mucous membranes or into the retina may occur 
on account of this vascular fulness. Pc])tic ulcer (usually duodenal) is a not 
uncommon complication. Possibly this is due to thrombosis of small vessels. 
The enlargement of the spleen may be regarded as a compensatory arrangement 
to deal with the increased number of red cells. 

Agranulocytosis. —Tliis condition, which has come much to the fore 
during recent years, is characterized by a remarkable disai)i)earance 
of the granulocyte series of leucocytes from the blood and an accom- 
pany ing drop in the total Avhite cell count. It may not be possible 
to distinguish some cases from acute leukemia in th(' aleukemic stage. 
A differential point of ^'aluc is that the platelet count is high in agranu- 
locytosis but low^ in aleukemic leukemia. Most of the j)ati(uits lun e 
been middle-aged women, and when accompanied, as is commonly 
the case, by necrotizing gangrenous lesions of the mouth invohing 
the tonsils, gums, and even the bone of the jaw , it has in the ])ast been 
nearly invariably fatal. The striking characteristic of the necrotic 
lesions of agranulocytosis is the almost entire absence of polymorphonu- 
clears. There may be iriultiple ulcers of the stomach and intestine, and 
sometimes of the vulva. The association of leucopenia and destructive 
lesions of the mouth is known as agranulocytic angina. The condition 
is not a disease sui generis, but rather a symptom complex, an indica- 
tion of the action of some powerful leucocidal poison, some destroyer 
of the bone-marrowy which may or may not be accompanied by severe 
infection of the mouth. Three groups of cases may be distinguished: 
(1) A primary form wdth fever, ulcerative mouth lesions, and agranu- 
locytosis, .so that leucocytes are absent from the necrotic ulcers. No 
definite cause such as a constant and specific microorganism c:an be 
found. (2) Malignant leucopenia of bacterial origin, as in pneumonia, 
osteomyelitis, etc. (3) Malignant hnicopenia of toxic origin; benzol, 
antisyphilitic arsenical preparations, and certain analgesic and anti- 
pyretic flrugs such as amidopyrine and the barbiturate series, i, e., 
chemicals containing the benzene ring, may so depress the bone- 
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marrow that leucopenia results and bacterial infection of the mouth 
may develop in consequence. Should the patient continue to take 
the drug, as all too often happens, a fatal termination can hardly be 
avoided. Agranulocytosis, and especially agranulocytic angina, is a 
new disease, for the first case was reported by Schultz in 1922, and 
the steady increase in the number of cases corresponds with the increase 
in the consumption of drugs containing the benzene ring. Many of 
the patients display a hypersensitiveness to drugs, and probably -this 
is a factor of great importance. 

The 'pathogenesiis of the second and third groups is easy to understand. 
That of the first group is much more obscure. It is known that cer- 
tain pyogenic bacteria arc capable of producing a leucocidin, a toxin 
sj)ecifically lethal for the leucocytes, the granular series in particular. 
Staphylococcus aureus, Streptococcus hemolyticus, and Streptococ- 
cus viridans are the most powerful members of this group. Dennis 
found that when these organisms, particularly Streptococcus viridans, 
were placed in celloidin capsules and inserted in the tissues, a diffu- 
sible toxin was produced which was powerfully leucooiclal. When 
filtrates of the cultures in the capsules were mixed with leucocytes 
thi^y caused disintegration of the polymorphonuclears, though the 
lyini)hocytes were unaffected. Pyogenic bacteria can produce agranu- 
locytosis only when prevented from active penetration of the tissues, 
otherwise they merely excite leucocj^tosis. This suggests that some 
circumscribed fo(;us of infection is present in the primary cases. 

The hone marrow in the acute cases shows lack of jnaturation in the 
granular series of cells which therefore largely disappear, together 
with hyperplasia of the stem cells. The essence of tlie disease seems 
to be a maturation arrest affecting the granular leucocytes, so that 
they are unable to enter the circulation (poverty in the midst of plenty), 
a situation stri(?tly comparable to that of pernicious anemia. In the 
more prolonged cases there may be hypoplasia of the myeloid tissue 
which contains large numbers of plasma cells and lymphocytes. In 
recovery there is a rapid change of stem cells into myelocytes and 
polymorphonuclears. In the neutropenia of overwhelming sepsis and 
arsphenamine poisoning there is not the same disappearance of adult 
granular cells from the marrow, and segmented forms can be seen. 

The prognosis in the past has been extreniel;s' grave. This, how- 
ever, has been greatly altered for the better by the introduction of 
the intramuscular use of pentose nucleotide (pentnucleotide), which 
acts as a specific stimulant to the leucoblastic tissue of the marrow. 
The recognition of the danger of using such drugs as amidopyrine and 
the barbiturates will undoubtedly change the prognosis still further. 

Primary Splenic Neutropenia. — This condition, described by Wiseman and 
Doan in 1939, is characterized by marked neutropenia, splenomegaly and 
marrow hyperplasia. The white cell count may be extraordinarily low owing 
to disappearance of the neutrophils, in one case falling to <150 per c.mm. In 
a few hours after splenectomy the count may be increased 20 times. The 
condition is apparently a manifestation of hypersplenism, there being an 
accelerated destruction of the granular leucocytes by the reticulo-endothelial 
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cells of the spleen. It is permanently cured by splenectomy. The spleen is 
rich in highly phagocytic cells containing polymorphonuclear leucocytes and 
erythrocytes. There is often a hemolytic anemia and a diminution of platelets. 
The condition may therefore be compared to congenital hemolytic anemia 
and thrombocytopenic purpura, to which it is evidently related. “The reticulo- 
endothelial cells of the spleen when on a rampage of destruction may selectively 
choose as victim any one of the elements of marrow origin passing through this 
organ, but more often than not other innocent bystanding elements suffer 
likewise in some degree. Splenectomy always is followed by an increase in 
all circulating blood elements whenever applied in any one of these conditions'' 
(Wiseman and Doan). 
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THE NERVOUS SYSTEM 


GENERAL PATHOLOGY OF THE NERVOUS SYSTEM 

Descriptive Outline.— In describing so complex a structure as the brain, 
method is all-important. Consideration must be given to the following: 
meninges, cerebrum (cortex, white matter, basal ganglia, and ventricles), mid- 
brain (including aqueduct, red nucleus and substantia nigra), pons and medulla 
(including fourth ventricle), cerebellum, base of brain, circle of Willis, and 
branches of middle cerebral artery. The average weight in the male is 1400 
grams, in the female 1250 grams. There is a minimal amount of cerebrospinal 
fluid in the subarachnoid space, much more in the basal cisterns. The pia- 
arachnoid is glistening, translucent, and is stripped off readily without tearing 
the brain (decortication). The subarachnoid space may be distended with 
fluid in conditions of edema. The convolutions are rounded and the sulci of 
moderate size. In cerebral atrophy the convolutions become shrunken and 
the sulci wide and deep, whereas in increased intracranial pressure the con- 
volutions are flattened and the sulci obliterated. Not only the size but also the 
lining of the ventricles must be noted; it becomes granular in general paresis. 
The substantia nigra is examined for loss of pigment in chronic encephalitis 
lethargica. The vessels at the base should be soft and free from atheroma. 

The microscopic description includes neurones, neuroglia, and vessels. The 
neurone consists of a nerve cell and fiber. In the nerve cell consider the 
nucleus, nucleolus, Nissl granules, pigment, and the shape and outline of the 
cell. In the nerve fiber consider the axis cylinder, medullary sheath, and 
sheath of Schwann. In connection with the neuroglia attention must be paid 
to astrocytes, oligodendroglia, and microglia. Finally, the perviascular 
(Virchow-Robin) spaces must not be forgotten, and the bessels which they 
surround. 

The Neurone.— The central nervous system consists of two main 
elements: (1) the neurones and (2) the interstitial tissue or neuroglia. 
These react to irritants and injuries in entirely different ways. It is 
necessary to understand these reactions before the study of the special 
pathology of the nervous system can be undertaken. The neurone, 
the essential unit of the whole system, consists of a nerve cell and 
nerve fiber. The nerve fiber is made up of three constituents, the 
axis cylinder or axon, the medullary or myelin sheath, and the neuro- 
lemma or nucleated sheath of Schwann. Within the central nervous 
system the fibers consist only of the first two elements; the sheath of 
Schwann is added when the fiber becomes peripheral. 

Wallerian Degeneration.— When a nerve fiber is divided or when the 
cell from which it arises is killed, the distal part of the fiber shows the 
characteristic changes first described by Waller in 1850. The axis 
cylinder becomes fibrillated and disintegrates, the medullary sheath 
breaks up into droplets of myelin which can be stained black by 
Marchi’s method, and the cells of the sheath of Schwann are converted 
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into phagocytes which remove the remnants of the medullary sheath 
and axis cylinder. These cells also play an essential part in regenera- 
tion, a process which will be studied when the healing of nerve is 
considered. As the sheath of Schwann is not present in the central 
nervous system it is evident that healing after injury cannot occur 
in the brain and spinal cord. The complete process of Wallerian 
degeneration is best studied in a peripheral nerve, but the axonal 
and medullary sheath changes take place in the central nervous system 
also and have proved of extreme value in the experimental study of 
the path of fibers and tracts owing to the ease with which the degen- 
erating myelin can be staine<l. The 'proximal part of the divided 
fiber also shows changes. The medullary sheath degenerates up to 
the first node of Ranvier, and the nuclei of the sheath of Schwann 
multiply in this segment of the nerve, and help to bridge the gap 
between the two ends of the divided fiber in a way which will be 
described in connection with injuries to nerves. The nerve cell from 
which the fiber arises undergoes Nissl’s degeneration (see below). 

Wallerian degeneration readily occurs as the result of avitaminosis, 
for the health of the medullary sheath is dependent on vitamins, 
especially Bi. There is, however, no activity on the part of the Schwann 
cells. When vitamin B2 is withheld experimentally degeneration of 
the anterolateral and dorsal tracts of the cord occurs as well as myelin 
degeneration of the peripheral nerves, 

A word may be devoted to the staining methods used for demonstrating the 
medullary sheath changes in a degenerating nerve. Osinic acid stains myelin 
hlack, because the peroxide of osmium of which it is composed is reduced by 
the fat, forming a black compound with it which is insoltiblc in xylol, so that 
the method can be used for paraffin sections. The distinction between the 
normal and degenerating myelin is achieved by Marchi's method^ which 
depends on the principle of selective oxidation. Normal myelin is readily 
oxidized by degenerating myelin very slowly oxidized when kept in an oxidiz- 
ing fluid such as a solutiem of potassium bichromate. When the material is 
then treated with osmic acid, the nonnal tissue remains unstained as it has 
been fully oxidized and is therefore unable to reduce the osmic acid. The 
degenerated myelin, on the other hand, is very slightly oxidized, so that it 
readily reduces the osmium peroxide with the formation of the characteristic 
black compound. By means of Marchi's method, degenerating fibers can be 
traced through the length and breadth of the central nervous system, and 
the method has been of the greatest value in the experimental study of the 
course of nerve paths within that system. It is evident that too long a time 
must not elapse lictween the date of the injury and the application of the 
staining method, for if all the myelin has been removed there is no use trying 
to stain it. The Marchi method is used for the first few weeks after an injury. 
After that time the Weigert myelin sheath stain must be employed. This is 
the converse of the Marchi method, for it stains normal myelin dark blue or 
black; the degenerated fibers remain unstained, as their myelin has disappeared. 
The tissue is first mordanted in potassium bichromate so as to render the 
myelin insoluble, and is then stained with hematoxylin. The Marchi method 
is mainly used by the physiologist, who employs the experimental method. 
The Weigert method is of special value to the pathologist in the study of 
degenerative lesions of the white matter of long standing, e. g., tabes dorsalis, 
disseminated sclerosis, etc. 
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NissFs Degeneration.— When a nerve cell is acted on by chemical or 
bacterial toxins it undergoes characteristic degenerative changes. 
Similar changes are seen in a cell when the nerve fiber which arises 
from it is injured ; this variety is known as axonal degeneration. The 
same secondary changes in the cell occur as the result of alcoholic and 
other forms of neuritis. The cell becomes swollen and rounded, the 
nucleus becomes eccentric in position and may be situated at the 
extreme margin, and the Nissl granules in the cytoplasm disintegrate 
and disappear. (Figs. 422 and 423.) It is this condition, known as 
chromatolysis, to which the degeneration owes its name. It is evident 
from what has been said that Nissl’s degeneration is complementary 




Fig. 422. —Normal nerve cell showing Fig, 423. — Degenerated nerve cell: 

pro(*ei5se.s, concave borders, Nissl granules, borders convex, loss of processes, Nissl 

nucleus and nucleolus. X 000. granules and nucleus. X 000. 

to Wallerian degeneration. About three weeks after division of the 
nerve, regeneration begins, the granules reappear, and the cell body is 
restored to normal. These regenerative changes are not seen in the 
cells of the upper motor neurones, just as no regeneration occurs in 
the fibers of these neurones. 

The disiinctimi between nj/per and lower motor neurone lesions is one 
of the most fundamental in neuropathology. Upper motor neurone 
lesions affect any part of the pyramidal tract from the motor cells in 
the cortex to the termination of the fibers around the anterior horn 
cells of the cord or the motor nuclei of the cranial nerves. Ix)wer 
motf)r neurone lesions involve the anterior horn cells and their fibers 
or the motor nuclei of the cranial nerves and their fibers. Lesions of 
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either the upper or lower neurone causes paralysis of muscles, but they 
cnn usually be readily distinguished from one another. The charac- 
teristics of upjjer neurone lesions are spasticity (increased muscle tone), 
exaggerated deep reflexes, and Babinski’s sign (dorsiflexion of great 
toe on stimulation of sole of foot). Lower motor neurone lesions are 
characterized by flaccidity of the paralyzed muscles, loss of the deep 
reflexes, muscular atrophy and severe trophic disturbances, fibrillary 
twitchings in the affected muscles, and the reaction of degeneratwn 
in these muscles. The commonest example of an upper motor neurone 
lesion is afforded by a hemorrhage into the internal capsule whicJi 
destroys the pyramidal tract fibers. Examples of lower motor lesions 
are poliomyelitis (infantile paralysis), transverse myelitis, and the 
ordinary form of facial paralysis. 

Pigmentary Changes. -In elderly persons and in degenerative conditions 
many nerve cells come to contain yellow pigment granules, probably a lipo- 
chrome. This must not be confused with the melanin which normally gives 
the cells of the substantia nigra a dark color. 

Atrophy. — There is marked general atrophy of the cerebral cortex in general 
paresis, Pick’s convolutional atrophy and to a lesser degree in chronic alco- 
holism and senility. More localized atrophy may occur as the result of arterio- 
sclerotic narrowing of the vessels. On account of the shrinkage of the brain 
there is widening of the subarachnoid space which is filled with fluid, and com- 
I)ensatory dilatation of the cerebral ventricles. In the atrophic areas the 
nerve cells are small and withered, and there may be an increase of yellow 
pigment in their cytoplasm. 

The Interstitial Tissue.— The interstitial tissue of the central nervous 
system lias long been known as the neurt)glia. Glia means glue, and 
the neuroglia was regarded as a kind of putty whicdi served the humble 
purpose of holding together the more noble neurones. The work of 
the Spanish school of neurohistologists, which Ramon y C^ijal and 
del Rio Hortega arc the leaders, has changed all this, and their con- 
tributions form the most notable recent advance in our understand- 
ing of the striK'ture and working of the central nervous system. In 
ordinary preparations the interstitial elements appear for the most 
part as naked nuclei, although staining with phosphotungstic acid- 
hematoxylin may demonstrate that many glial cells possess processes 
which give them a star-shapeil appearance so that they are known as 
astrocytes. They may be distinguished from nerve cells by the fact 
that they do not possess a nucleolus. Gold and silver impregnation, 
however, gives an entirel\ different picture, and in place of naked 
nuclei we now see cells provided with a forest of fibers, which present 
quite as striking an appearance as the cells and fibers of the neurones. 
By the aid of these methods, which we owe very largely to the Spanish 
school, it is possible to distinguish three elements in the interstitial 
tissue: these are the astrocytes, the oUyodendroglia, and the microglia. 
The first two are ectodermal in origin, and together make up the 
neuroglia. The third is mesodermal in origin and is unrelated to the 
neuroglia. 

55 
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Astrocytes. — The best known cells of the neuroglia are the astrocytes. 
These are divided into protoplasmic and fibrous forms. The former 
have protoplasmic processes and are confined almost entirel>^ to the 
cortical gray matter. The latter have fibrillary processes, and arc 
found principally in the white matter but also form a dense layer in 
the most superficial part of the cortex immediately under the pia 
mater, where they constitute a “superficial limiting membrane.” The 
astrocyte is a large cell with numerous processes, at least one of which 
is attached to a small vessel by a curious expansion to which the names 
of vascular foot plate, suction apparatus, and sucker foot have been 
applied. The neurones are everywhere separated from the vessels by 
a layer of astrocytes. The astrocytes are best demonstrated by CajaFs 
gold-sublimate method. (Fig. 424.) 

Their ftinctiou is certainly not merely that of support or glue. It 
has been suggested by those best qualified to express an opinion that 

one or more of three functions may be 
ascribed to this tissue; (1) It may be 
an endocrine structure which pours an 
internal secretion into the blood, de- 
rangement of which may be responsible 
for some of the so-c*alled functional 
nervous disorders; (2) it may have a 
nutritive function in relation to the 
neurones as suggested b\' the term 
suction apparatus; (3) it may serve 
to neutralize toxins circulating in the 
central nervous system and thus pro- 
tect the delicate nerve cells. It is not 
possible to discuss here the reasons 
for these various views. The astrocyte 
plays an active part in disTase. Hortega 
ancl Penfield have shown that tiic re- 
pair of wounds in the brain is due 
entirely to the activity of the astro- 
cytes, which enlarge, multiply, and fill 
in the gap, just as fibroblasts do in 
other parts of the body. The gliosis seen 
in general paresis and other chronic; infiainmations consists of astrocytes 
and their fibers. In experimental intoxications the perivascular astro- 
cytes develop into amceboid cells, the processes and sucker feet being 
much swollen at first and later bec*oming absorbcfl into the body of the 
cell. Finally, the astrocyte is the cell from which the great majc'rity 
of gliomas (astnx^ytomas, glioblastomas) arise. The oligodendroglia 
rareh' and the microglia apparently never take on neoplastic growth. 

Oligodendroglia. "I'his is the largest group of the interstitial cells, 
but the one about which the least is known. In ordinary sections 
they appear as naked nuclei arranged in rows between the nerve fibers 
in the white matter, and in the gray matter as satellites adhering to 



Fig. 424. — Gliosis (Koldsublimjitc). 
X 31.5. 
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the nerve cells. When stained by Ilortega’s silver carbonate method 
the cells, which are much smaller than the astrocytes, are seen to 
possess a small nmnber of fine processes {oligos, few). (Fig. 425.) 



Fkj. 42.'5.— The interstitial cells of the central nervous sy.stem. AS.-l, Fibrous astro- 
cyte with several perivascular feet on hloodve.ssel. AS. -2, Protoplasmic astrocyte show'- 
iiiK numerous processes but no fibrils. OL. -1, OlipodendroKlia. ()L., Two oligodendroglia 
colls as pcrinouronal satellites around nerve coll in which nucleolus is distinctly shown. 
MIC., Microglia colls with numerous processes placed between and in contact with two 
nerve cells; in the latter the nucleolus can be distiiiKuishcd. (Penfield, in Cowdry’s 
Special CytoloRy, P. B. Hoeber, New’^ York.) 


The function of these cells is obscure. They seem to bear the same 
relation to the myelin sheath of the nerve fibers in the central nen ous 
system as the cells of the sheath of Schwann do in the peripheral 
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nerves, so that they may have something to do with the preservation 
of the myelin. In disease they appear to play a part of no importance. 
They are evidently very sensitive to noxious agents, for they readily 
undergo acute swelling, becoming pale, vacuolated, and losing their 
processes. 'I'^he cells are seldom seen in perfect form in human material, 
for they rapidly undergo autolysis after death. 

IWttcroglia.— The microglia differs fundamentally from the other two 
elements in being mesodermal in origin, while they originate from 
ectoderm. The cells are very small (hence the name), and are provided 
with numerous fine branching processes which are stained b}^ the silver 
carbonate method. Some of them form satellites to the nerve cells. 
(Fig. 425.) The microglia is not present at birth, but invades the brain 
from the pia in the course of a few weeks. These cells may be regarded 
as forming part of the reticulo-endothelial system, for when studied in 
tissue cultures by \'ital staining the\' beha\'e in exactly the same way. 

The function of the microglia is phagocytic; the cells arc indeed 
the phagocytes of the central nervous system. Under pathological 
conditions they develop into the rod cells of general paresis and the 
scavenger cells (also known as compound granular corpuscles, fat 
granule cells and Gitterzellen) seen in brain softening. The transforma- 
tion of the quiescent microglial cell into the amoeboid and phagocytic 
scavenger cell is a remarkable one. The cell body becomes swollen 
and rounded, the processes are thickened and then witlidrawn into the 
cell, and the cytoplasm becomes filled with fat globules derived from 
the disintegrating myelin. The cells collect in enormous r umbers at 
the site of injury, and then appear to carry the ingested myelin to the 
nearest vessels, into which they possibly discharge their content. 

Corpora Amylacea. — These* are small spherical hyaline bodies, sometimes 
displaying a concentric structure, which are seen in large numbers in the 
nervous system in old age, and may occur earlier as a result of degenerative 
diseases. It used to be thought that they arose from the medullary sheath of 
degenerating nerves or possibly from nerve cells, but recent work seems to 
indicate that they represent degenerated microglial cells, or in some cases 
they may be formed from the oligodendroglia. 

INTRACRANIAL HEMORRHAGE 

Hemorrhage in the interior of the skull may come from the brain 
or the meninges; it may be cerebral or meningeal. In traumatic (rases 
the two may be combined. 

Cerebral Hemorrhage.— Hemorrhage into the brain may be trau- 
matic or spontaneous. It is important to remember that a patient 
who has had a trauma to the head may nevertheless be suffering from 
a spontaneous hemorrhage. The hemorrhage may come first, causing 
him to fall, injure his head, even fracture his skull. This is particu- 
larly' true when the hemorrhage is in the internal capsule. 

Traumatic Hemorrhage.- Trauma may cause cerebral hemorrhage in 
two Wray'S. (1) Hemorrhage is a more or less constant accompaniment of 
laceration of the brain. Fracture of the base or vault of the skull may be 
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present, but it is important to realize that large cortical hemorrhage 
may occur without fracture. Contrecoup hemorrhage, which is situated 
on the side opposite the site of trauma, usually occurs without frac- 
ture; it is caused by the brain being thrown forcibly against the oppo- 
site side of the skull. A large hemorrhage due to trauma is very rarely 
(perhaps never) in the internal capsule, such hemorrhage being spon- 
taneous. (2) Multiple jumetate hemorrhages in the basal ganglia and 
elsewhere may be caused by tramna. These are probably the result of 
a wave of cerebrospinal fluid which the blow on the head causes to pass 
from the subarachnoid space into the perivascular prolongations of that 
space, with forcible stretching of the fibrillary extensions from the 
vessel wall to the perivascular sheath. Great numbers of small ring 
liemorrhages are formed around the vessels in this way, and if tlw? 
patient survives these may be followed by gliosis which may fon7i 
the organic basis of many of the post-traumatic neuroses. Martlaiid 
has suggested that the condition known to prize-fighters as “punch- 
drunk” may be due to a wave of cerebrospinal fluid injuring the vessels; 
many old fighters develop corpus striatum symptoms (paralysis agitans, 
etc.). 

Spontaneous Hemorrhage.- This may take two very different forms, 
the punctate and the massive. The latter is the ordinary form of 
c('r(»bral hemorrhage. 

Punctate hemorrhage ocrcurs as the result of infections and intoxica- 
tions, as well as in the bleeding diseases. It may therefore be found 
in the infective fevers, septicemia, epidemic encephalitis, and bacterial 
endocarditis, in carbon monoxide j)oisoning and arsphenamine poison- 
ing, and in pernicious anemia, leukemia, and purpura luemorrhagica. 
In all of these conditions there is dajnage to the vessel wall. The 
hemorrhages are very small and very numerous. They are commoner 
in the white Jiiatter and basal ganglia than in the cortex. h]ach hemor- 
rhage surrounds a small vessel, but often there is a narrow necrotic 
zone between the vessel and tlie hemorrhage, and there may be necrosis 
without hemorrhage. It would appear, therefore, that tiie necrosis is 
the primary condition and the hemorrhage secondary. 

Massive hemorrhage constitutes what is commonh' known as apoplexy. 
It usually occurs in middle-aged and elderly men with high blood- 
pressure and arterial degeneration. Owing to the hypertension the 
iieart is enlarged, and it has been said that “the large heart breaks 
the weak vessels.” Ileinorrhage may occur in the absence of hyper- 
tension provided the atlieromatous degeneration is very marked. 
The opinion is gaining ground that apoi)lectie hemorrhage is not 
merely a question of a bloodvessel bursting, as an aneurism of the 
aorta inight burst. It takes place into soil which has been prepared 
by vascular thrombosis, occlusion, or perhaps even by spasm. As a 
result of the ischemia a focal encephalomalacia is produced, and it 
woulfl appear that such softening is an essential precursor to rupture 
of a vessel. Syphilis is not a direct cause of cerebral hemorrhage, for 
it produces a uniform thickening, not a localized w^eakening, of the 
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vessel wall. Indirectly it may play a part by causing occlusion and 
thrombosis; this produces an area of softening into which hemorrhage 
may occur. An infected embolus lodging in one of the cerebral vessels 
may give rise to a mycotic aneurism, which on rupturing may cause 
a massive hemorrhage. So-called miliary aneurisms may be present. 
These are false aneurisms, the blood having broken through a weak 
spot in the wall and produced a localized bulging of the adventitia; 
this may give way and be a source of hemorrhage. An occasional cause 
of hemorrhage is rupture of a congenital aneurism on the circle of Willis 
or one of its branches; this usually leads to subarachnoid hemorrhage, 
but the blood may make its way into the brain substance. Such an 
aneurism should be looked for in cerebral hemorrhage in a young 
person. Epidemic encephalitis may cause massive hemorrhage, but 
this is rare and should never be suspected except during an epidemic. 
In some cases no cause for the hemorrhage can be suggested. 

In hypertensive encephalopathy three types of lesion may be en- 
countered: (1) edema, causing such symptoms of increased intracranial 
pressure as headache, nausea, vomiting, dulness, etc.; (2) multiple 
miliary destructive lesions (ischemic), causing a wide variety of 
symptoms such as vertigo, transient hemiplegias and aphasias, convul- 
sions, etc.; and (3) massive hemorrhage into larger areas of softening. 

The common site of massive hemorrhage is the internal capsule and 
lenticular nucleus. The small arteries to the basal ganglia come directly 
off the middle cerebral, so that the pressure is not ‘‘stepped down” by 
continuous branching as in the case of the cortical branches. The 
lenticulostriate artery was long ago called “the artery of cerebral 
hemorrhage.” The next most common site is the white matter of the 
frontal lobe, the hemorrhage coming from the anterior cerebral artery. 
Next come the pons and cerebellum. Spontaneous hemorrhage in the 
cerebral cortex is rare. Hemorrhage in the basal ganglia may extend 
inward, and more rareh^ outward. When it passes inward it may 
penetrate the caudate nucleus and rupture into the lateral ventricle. 
(Fig. 426.) About 40 per cent of fatal capsular hemorrhages rupture 
into the lateral ventricle before death. Pontine hemorrhages almost 
invariably rupture into the fourth ventricle. Spontaneous intracerebral 
hemorrhage only very rarely ruptures outward into the subarachnoid 
space. The blood passes through the aqueduct and fills the entire 
ventricular system, passing thence to the subarachnoid space via the 
foramina in the roof of the fourth ventricle and filling the cisterns at the 
base of the brain. The original hemorrhage may be into the ventricles, 
usually from the anterior cerebral which supplies the tip of the caudate 
nucleus. 

A clot is formed at the site of the hemorrhage, and this may be 
surrounded by petechial hemorrhages, caused probably by the sudden 
disturbance of pressure. The brain tissue in which the hemorrhage 
has occurred is torn up and completely disintegrated. The clot be- 
comes softened and the destroyed brain substance liquefied, so that 
if the patient lives the hemorrhage is replaced by a cyst containing 
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yellow or milky fluid. The surroundmg tissue is stained yellow, and 
this discoloration may persist for a long time. Microscopically there 
IS great destruction of neurones. The nerve cells are degenerated 



Fig. 426. — Cerebral hemorrhage. The hemorrhage has started in the internal capsule, 
passed inward through the optic thalamus, and ruptured into the lateral ventricle. 


and the medullary sheaths are broken up into droplets of myelin; 
presently the entire neurone disappears. In the case of the motor 
paths the degenerated fibers can 
be traced down through the 
brain stem (Fig. 427) into the 
cord. IVo elements of the inter- 
stitial tissue, the astrocytes and 
the microglia, show marked 
activity. The microglia gives 
rise to large numbers of scavenger 
cells, which take up the myelin 
droplets and pigment granules, 
carrying them to the nearest 
vessels and perhaps discharging 
them into the lumen. 1 he 
neuroglia cells (astrocytes) pro- 
liferate and form abundant 
fibers, so that a small cyst may be obliterated, while a larger cyst is 
shut off from the surrounding tissue by a glial zone. Granules of blood 
pigment indicate for many years the hemorrhagic origin of the cyst. 



Fig. 427. — Hemiplegia: degeneration of right 
crossed and left direct pyramidal tract. 
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The Relation of Symptoms to Lesions. —Depending on the size of the hem- 
orrhage, the patient with apoplexy either feels faint or loses consciousness. 
He may fall as though struck to the ground (jplexis^ to strike down), but 
sudden death is rarely due to cerebral hemorrhage unless it be into the ven- 
tricles or the medulla. The immediate loss of consciousness is due to the 
sudden cerebral anemia caused by compression of the capillaries by the hem- 
orrhage, and the coma into which the patient may pass is to be attributed 
to the rapidly developing edema. It is the compression of the vital centers 
in the medulla by the edema which is the usual cause of death. The condition 
of the cerebrospinal fluid is of help in the diagnosis. In hemorrhage into the 
ventricles a large amount of blood is present in the fluid. When the hemor- 
rhage does not communicate with the ventricles the fluid is at first normal, 
but in the course of three days it assumes a yellow tinge owing to blood pig- 
ment having seeped through into the ventricles. This is not found in any of 
the other comatose states whicli simulate cerebral hemorrhage. 

The /oca/ lesions depend on the site of the hemorriiage. When this is in the 
internal capsule there is paralysis of the face, arm, and leg of the opposite side. 
This paralysis, of course, is of the upper motor neurone type, with spasticity, 
exaggeration of the deep reflexes, Babinski’s sign, etc., owing to removal of 
the cerebral influences which inhibit the normal tone of the lower motor 
neurone. At first, however, there is flaccidity with loss of deep reflexes instead 
of spasticity, owing to shock produced by the hemorrhage. The motor fibers 
occupy the anterior two-thirds of the posterior limb of tlie capsule, while the 
sensory fibers pass up in the posterior limb, so that if the hemorrhage extends 
sufficiently far back there will also be hemianesthesia of the paralyzed side. 
Just behind the capsule pass the fibers of the o[)tic radiation, and if this is 
involved there will be homonymous heinianopia (blindness in one-half of 
the field of vision). Hemorrhage into the ventricles is characterized by sudden 
loss of consciousness, loss of all the reflexes, and a rapid rise of temperature; 
the condition soon proves fatal. In pontine hemorrhage hyperpyrexia is again 
present, and the pupils are extremely contracted (pin-point pupils) owing to 
interruption of the pupil-dilating fibers. Hemiplegia will be present if the 
pyramidal tract is involved. Cerebellar hemorrhage is accompanied by per- 
sistent vomiting, nystagmus and deviation of the eyes to the side of the lesion, 
and a tendency to fall to that side. As the pyramidal tract is not involved 
there is no paralysis. 

Meningeal Hemorrhage.— Meningt'al hemorrhage may be extra- 
dural, subduralf or »ubarachnoifL 

1. Extradural Hemorrhage.— This is commonly called middle menin- 
geal hemorrhage j being due to injury to the middle meningeal arter\' 
from fracture of the lower part of the parietal bone or the squamous 
pcjrtion of the temporal bone. It is caused by a direct blow; the elastic 
recoil of the skull separates the dura from the bone, and the spaces 
become filled with blood. A large clot is formed outside the dura over 
the vertex and this presses on the brain. (Fig. 428.) Prompt opera- 
tion with ligation of the bleeding vessel is needed, otherwise the patient 
will die from compression of the brain. The clinical picture is highly 
characteristic. There may be brief loss of consciousness owing to the 
bloAV. This is followed by a lucid interval of some hours, at the end 
of which time symptoms of compressiem appear owing to the gradual 
accumulation of blood between the skull aiul the brain. There is no 
blood in the cerebrospinal fluid. A useful localizing sign is a fixed 
dilated pupil on the sarn^ side as the lesion, due probably to herniation 
of the hippocampal uncus with pressure on the third nerve as it crosses 



PLATE XXVII 



Subdural Hemorrhage 

Til .'uldilioii 1(» the Mood clol on the brain and the inner siii face of the dura iheie is diffuse 
?itainiiiK of the ceiebiuin. 
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the greater wing of the sphenoid. There may also be conjugate devia- 
tion of the eyes to the opposite side due to irritation of the oculomotor 
center in the second frontal convolution. 

2. Subdural Hemorrhage.— Subdural hemorrhage (Plate XXVII) may 
be regarded as venous, just as extradural hemorrhage is arterial in 
origin. The condition, which is at least 4 times as common as extra- 
dural hemorrhage, is of great importance, because the life of the patient 
depends on a correct diagnosis and this is easily missed. It is customary 
to recognize a traumatic and a spontaneous form, but it is becoming 
doubtful if the latter is more than a myth, for the traumatic factor 
in the etiology is often slight and easily overlooked. The cause is a 
blow in the frontal or occipital region (e. g., knocking the head against 
a shelf or door), which injures the cerebral veins passing into the sagit- 
tal sinus. As there are no septa to localize the extravasated blood, it 



Fia. 428.— Extradural hemorrhage. 


may spread from the frontal to the occipital pole and from the sagittal 
sinus to the Sylvian fissure. The symptoms may not come on for 
weeks or even months after the injury. This is explained by the 
unique subsequent behavior of the clot. This is not absorbed as it 
would be in other serous sacs, for the subdural space is closed and 
without lymphatics. The clot becomes liquefied and surrounded by 
a mesotlielial membrane, so that a cyst is formed which separates the 
dura from the brain. Into this cyst cerebrospinal fluid is drawn by 
the osmotic pressure of the blood, so that the tension in the cyst 
continually increases, with corresponding pressure on the brain. 
At the site of a subdural hematoma, therefore, the dura is lined by 
a dirty-green, gelatinous membrane which is easily detached, and 
the cyst contains dark green, thin fluid under pressure. Pachymen- 
ingitis hsemorrhagica interna is a term which has long been applied to 
the supposedly spontaneous form in \\hich a membrane containing 
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great numbers of large blood spaces is found on the inner surface of the 
dura. Hemorrhage is supposed to occur at intervals from these giant 
capillaries, but they are also present in traumatic cases. 

The symptoms are mental confusion and somnolence coming on weeks or 
even months after some trivial trauma to the head. Temporal tenderness 
is a valuable sign. Most of the cases are men over forty years with lessened 
elasticity of the skull and more fragile cerebral veins. Rather remarkably, 
the spinal pressure is not increased, but the fluid may be yellow (xantho- 
chromia) due to histiocytes traversing the arachnoid Imrrier and giving up their 
blood pigment to the cerebrospinal fluid in the subarachnoid space. As might 
be expected, surgical treatment is highly satisfactory. 

Intracranial hemorrhage of the newborn is a variety of subdural 
hemorrhage. It is a common cause of death in the new-born. The 
child is cyanosed, the respirations difficult, the pulse slow, the fon- 
tanelle bulging, and there may be twitching movements. Death may 
occur in a few hours or in the course of a day or two. If the child 
survives, paralytic and mental symptoms may develop later. The 
hemorrhage is due to tears in the tentorium cerebelli or the falx cerebri 
or to injury to the cerebral veins passing from the cortex across the 
subdural space into the superior longitudinal sinus. These injuries are 
produced by the severe molding of the head which occurs at birth, 
and not necessarily by the use of instruments. The hemorrhage is 
largely supratentorial and often bilateral. It is commoner in the 
premature than in the full-term infant owing to immaturity of the 
fibers of the dural septa. The arachnoid is often torn, so that blood is 
found in the cerebrospinal fluid. Lumbar puncture is of great use in 
doubtful cases. The gravity of the condition depends not merely on 
the extent of the lesion, but on whether the child suffers from a hemor- 
rhagic diathesis which interferes wdth the clotting of the blood. 'I'his is 
due to a low' prothrombin content of the blood, and the condition can 
be treated by injections of vitamin K, or pre\x'nted by giving the 
vitamin to the mother before delivery. 

3. Subarachnoid Hemorrhage. — This may be traumatic or spontane- 
ous. (1) Traumatic hemorrhage is likely to occur in all lacerations of 
the brain, so that blood will appear in the spinal fluid. The presence 
of blood in the subarachnoid space may irritate the cells of the arach- 
noid and cause blockage of the arachnoid villi through which the cere- 
brospinal fluid is absorbed into the venous blood sinuses. As the fluid 
cannot escape in the normal way it may collect in pools and cause 
pressure atrophy of the underlying cortex. It is possible that this 
imiy partly explain the puzzling post-tiaumatic neuroses and psychoses. 
The presence of pressure atrophy can be demonstrated in the living 
patient by means of encephalography or injection of air into the sub- 
arachnoid space. 

(2) Spontaneous subarachnoid hemorrhage is a fairly (common condi- 
tion. The blood may leak into the subarachnoid space from a cerebral 
hemorrhage, or the subarachnoid hemorrhage may be primary. The 
common lesion found is atheroma of the cerebral vessels or the arteries 
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at the base of the brain. This may or may not be associated with 
aneurismal dilatation. In young persons the usual finding is a ruptured 
congenital aneurism on the circle of Willis (Fig. 429), or on one of its 
branches such as the anterior or middle cerebral. The little aneurism is 
covered by blood clot and is easily missed unless specially looked for. 
Sometimes the blood may pass into the brain, giving a picture easily 
mistaken for that of ordinary cerebral hemorrhage. The condition, 
which should always be considered in intracranial hemorrhage in a 
young person, is described more fully in connection with intracranial 
aneurisms. These aneurismal cases are usually fatal. There is another 
group of cases which usually 
recover and are probably due to 
some rather mild infection, some 
meningo-encephalitis, which 
especially attacks the vessels. 

They occur in groups or little 
epidemics, a fact which serves to 
strengthen the idea that they are 
infections, although of this there 
is no direct proof. 

The symptoms are character- 
istic. The very sudden onset of 
severe headache and stitfness of 
the neck may suggest meningitis. 

Milder cases are mistaken for 
epidemic encephalitis. In the 
aneurism cases there may be 
partial recovery after the initial 
onset, only to be followed a few 
days later by a second more 
violent and often fatal attack. 

There is apparently at first a partial break with some leakage and the 
formation of a false aneurism, followed later by complete rupture into 
the subarachnoid space. The cerebrospinal fluid contains a large 
amount of blood, w^hich can be distinguished from accidental blood, 
due to the puncture by the fact that there is some hemolysis with yellow^ 
coloration (xanthochromia) of the fluid after centrifugation. Both 
albuminuria (often massive) and glycosuria are frequent. 

VASCULAR LESIONS 

Arterial Obstruction.— A cerebral artery may be obstructed partially 
or completely . Partial obstruction may be due to atheroma, obliterative 
arteriosclerosis, or syphilitic endarteritis. The resulting anoxia may 
lead to degeneration of the sensitive neurones and proliferation of 
the more resistant neuroglia. Such gliosis is seen in old age, and is 
most marked in senile dementia. The alternation of minute foci of 
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cystic softening and glial scars may give the cortical surface a 
granulated appearance. 

If attention is focussed on atheromatous patches in the larger arteries 
at the base of the brain it will often happen that there is no apparent 
relationship between the clinical picture and the vascular lesions. 
This is not true if the smaller vessels within the brain substance be 
examined. Here the characteristic lesion is a peculiar change which 
has been called obliterative arteriosclerosis (Scheinker). Its distin- 
guishing feature is extreme thickening of the intima due to cellular 
(fibroblastic) proliferation and hyperplasia of the ground substance 
with corresponding narrowing of the lumen. Later the cells may 
degenerate and be replaced by a network of connective tissue fibers. 
The lesion can be distinguished from the hyperplastic arteriolosclerosis 
of hypertension in that in the latter the media and adventitia are 
thickened as well as the intima and there is an absence of intimal 
cellular proliferation. 

Complete obstruction is due to embolism or thrombosis. (1) Cerebral 
embolism usually affects the middle cerebral artery on the left side, due 
probably to the more direct origin of the left carotid artery from the 
aorta. The clot which forms the embolus may arise in any of the usual 
sites (vegetation on mitral or aortic valve, thrombus in left auricular 
appendix or on an atheromatous ulcer of the aorta, etc.). If the clot 
is septic, an abscess or a mycotic aneurism may be formed, and the 
latter may rupture with fatal results. Usually it is aseptic, and the 
result is cerebral softening. Cone and Barrera have shown that when 
an aseptic infarct is produced in a dog the area and the overlying 
meninges become flooded with polymorphonuclears in eight hours 
with a maximum at forty-eight hours. The leucocytes may reach the 
cerebrospinal fluid in small or large numbers by the perivascular spaces 
or by direct invasion of the subarachnoid space or ventricles. The 
process, which is comparable to the leucocytosis in infarction of the 
myocardium, may be mistaken clinically for abscess or meningitis 
owing to the pus cells in the spinal fluid. The area of softening depends 
partly on the site of the obstruction and partly on the collateral circu- 
lation. If, as is usually the case, the middle cerebral is blocked before 
the branches to the basal ganglia are given off, both that region and the 
cortical area arc deprived of blood and may undergo softening. There 
is a good collateral circulation in the cortex, so that the softening is 
often confined to the basal ganglia, but if the vessels are narrowed by 
arteriosclerosis or if the heart’s action is weak, the collateral circulation 
is insufficient and the cortex may suffer severely. The motor fibers 
passing down through the internal capsule are destroyed, so that the 
opposite half of the body is paralyzed. If the obstruction is above the 
point where the arteries to the basal ganglia are given off, the lesion will 
be entirely cortical. (2) Thrombosis is usually due to atheroma or 
syphilis of the artery; atheroma is the common cause after middle life, 
and syphilis at an earlier age. The arteries most often the seat of 
thrombosis are the middle cerebral, posterior cerebral, and basilar. 
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Thrombosis of the basilar artery causes softening of the pons. The 
symptoms develop more slowly than in embolism, but the effect is the 
same. 

Cerebral Softening. — When an area of the brain (or spinal cord) is 
deprived of its blood supply it undergoes necrosis and in the course of 
a few days becomes liquefied and converted into a creamy material. 
(Fig. 4.30.) In the experimental animal temporary arrest of the cir- 
culation for five minutes causes necrosis and softening of the cerebral 



Fio. 430, — Large area of softening in the lenticular nucleus with cyst formation, due 

to vascular occlusion. 


cortex; if the arrest is maintained for over seven minutes there is 
complete destruction and liquefaction of the brain substance (Wein- 
berger et ah). The color is usually pale, but in the course of time 
becomes yellow owing to blood pigment and the lipoid liberated from 
breaking down myelin. In exceptional cases it is red on account jof 
marked congestion. The sequence of events is similar to that which 
occurs in hemorrhage. As liquefaction proceeds a cyst is formed with 
clear or milky contents and a yellow margin. The neuroglia proliferates 
and forms a limiting zone around the cavity. (Fig. 431.) When the 
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cortex is involved a cyst is formed beneath the meninges, or there may 
simply be atrophy of the convolutions with depression of the affected 
area. 

The viicroscopic changes involve both the neurones and the inter- 
stitial tissue. A smear of the liquefied material shows at first granules 
and globules of lipoid, the remains of cells and fibers, and large numbers 
of scavenger cells. In sections of the affected area there is complete 
necrosis and loss of all structure. Secondary (Wallerian) degeneration 
can be traced down the course of the motor fibers through pons, 
niedulla, and cord, the droplets of myelin being demonstrated by the 
IVIarchi method. At a later date Weigert’s myelin sheath stain shows 



Fig. 431. — Gliosis at margin of soft- 
ened area. X 300. 



Fig. 432. — Scavenger cells of the brain 
(Hoitcga cells) filled with lipoid. Those 
cells are derived from the microglia. 
X 1000. 


complete disappearance of the fibers, whose place is occupied by pro- 
liferated neuroglia. A zone of gliosis is seen around the wall of the 
(!yst. But the most characteristic feature of a recent softening is the 
presence of enormous numbers of large pale scavenger cells derived 
from the microglia and filled with lipoid globules taken up from the 
disintegrating myelin. (Fig. 432.) These cells are known by a variety 
of names such as compound granular corpuscles, fat granule cells 
Gitterzellen (lattice cells), and Ilortega cells on account of the demon- 
stration by del Rio Hortega that they are microglial in origin. Frozen 
sections stained for fat with Scharlach show in a beautiful manner the 
lipoid character of the cell contents. The walls of the vessels are 
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infiltrated with these cells, which seem to be discharging their contents 
into the lumen. 

Venous Obstruction. — This is caused by thrombosis of the venous 
sinuses. Not infrequently the cerebral thrombosis is part of a general 
venous thrombosis. In other cases it is of local infective origin, as in 
sinus thrombophlebitis due to spread of infection from the middle ear, 
nose, etc. The superior longitudinal sinus is most often affected. In 
severe cases there may be a remarkable dilatation of the supt^rficdal 
veins which become completely thrombosed, so that the surface of the 
brain seems to be covered with dark worms. 

Intracranial Aneurisms. —These aneurisms are nearly always extra- 
cerebral, for they are situated on the circle of Willis or its main branches. 
Aneurismal dilatations in the brain substance are seldom true aneur- 
isms. There arc three main types of intracranial aneurisms. In 
their order of frequency these are the congeniiaU the wycotic, and the 
arteriosclerotic. Aneurisms due to syphilis are practically non-existent, 
though this is not usually realized. 

1. Congenital Aneurism.— These aneurisms, which may be multiple, 
form small swellings on the vessels of the circle of Willis, the middle 
cerebral, anterior cerebral, and anterior communicating. (Fig. 429.) 
'riiey are usually found in young people, and are known as berry aneur- 
isms. The most striking peculiarity of the aneurism is that in every 
ease it is situated at the bifurcation of the vessel. At this point there is 
often an absence of the muscular tissue of the middle coat in normal 
persons, which may be looked on as a congenital vascular malformation 
or defect. The same localized medial defect is found in the congenital 
aneurism, the wall of which is formed by greatly thickened intima, with 
complete absence of media and internal elastic lamina. There may be 
other vascular anomalies, e. g., coarctation of the aorta. Glynn does 
not believe that there is any proof that congenital medial defects are 
the cause of the aneurisms, for he finds such defects as coiiinion among 
controls as in cases of aneurism (80 per cent in each group). He points 
out that in the vessels of the circle of Willis all the elastic fibers are 
concentrated in the internal elastic lamina, not distributed throughout 
the media and adventitia as in other arteries. For this reason a patch 
of atheroma may destroy all the elastic tissue and thus produce an 
aneurism. Atheroma is almost constantly present in these aneurisms, 
but has been regarded as secondary rather than primary. If this in- 
terpretation is correct, berry aneurisms must be regarded as athero- 
matous, not congenital, in origin. Rupture of the aneurism leads to 
hemorrhage into the subarachnoid space which is usually fatal. If 
the aneurism is on the anterior cerebral or the anterior communicating 
artery and therefore wedged in between the frontal lobes, it may rup- 
ture into the brain substance. The same is true of the middle cerebral. 
These cases are easily mistaken in the autopsy room for ordinary 
cerebral hemorrhage, the aneurism being lost in the hemorrhage and 
readily overlooked. 
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2. Mycotic Aneurism. --An infected embolus, usually from a vegeta- 
tion on a heart valve, lodges in the middle or anterior cerebral artery 
and sets up an acute arteritis. This weakens the wall so much that a 
small mycotic aneurism is formed, which is certain to rupture unless 
the patient dies before that happens. 

3. Atheromatous Aneurism.— This form usually occurs over the age of 
fifty years. If, however, the so-called congenital aneurisms are ad- 
mitted to be of atheromatous origin, the lesion is common between the 
ages of twenty and thirty. An atheromatous patch in the intinia is 
pressed by the blood against the media producing atrophy and conse- 
quent dilatation. A saccular aneurism is thus formed. 

DISTURBANCES OF CEREBROSPINAL FLUID CIRCULATION 

Hydrocephalus.— Hydrocephalus or water on the brain is a condition 
in which the cerebrospinal fluid collects inside (and sometimes outside) 
the ventricles, so that these cavities become greatly dilated with an 
accompanying pressure atrophy of the cerebral tissue. The cerebro- 
spinal fluid is secreted by the choroid plexus of the lateral and other 
ventricles, passes along the aqueduct of Sylvius to the fourth ventricle 
and escapes through the foramina in the roof of that ventricle to enter 
the basal cisterns of the subarachnoid space. Prom there it flows up- 
ward through the narrows between the brain stem and the incisura 
in the tentorium, to expand again into the shallow lake of the cerebral 
portion of the subarachnoid space. It also passes down from the basal 
cisterns into the spinal canal, where it can be withdrawn by lumbar 
puncture. The normal jjressure is 7 to 9 mm. of mercury or 110 to 
130 Him. of water. The fluid is absorbed into the large venous sinuses, 
especially the superior longitudinal sinus, by way of the arachnoid villi, 
w’hich are diverticula of the subarachnoid space that project into the 
lumen of the sinuses. The Pacchionian bodies are hypertrophied 
villi which are only found in adult life. It is evident that if the fluid is 
unable to escape from the ventricles absorption is impossible, if it 
cannot pass from the basal cisterns to the cortical subarachnoid space 
absorption will be impaired, and there may be local interference with 
absorption if the arachnoid villi and Pacchionian bodies are blocked. 
The obstruction may occur at three points: (1) in the aqueduct, (2) 
in the roof of the fourth ventricle, and (3) around the mesencephalon 
where it passes through the narrow opening in the tentorium. Tin? 
first two cause internal hydrocephalv.s, the third causes communi- 
cating hydrocephalus, the ventricles being in open communication with 
the basal cisterns and the spinal canal. All three are obstructing. 

The ordinary hydrocephalus of children is due to obstruction either 
in the roof of the fourth ventricle or in the aqueduct. The exact 
cause of the obstruction is not certain, but it is probable that adhesions 
due to a mild meningitis are the most frequent cause of obstruction in 
the roof of the ventricle. The aqueduct may be occluded by a delicate 
veil-like membrane which is probably the result of a developmental 
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defect, but may in some cases be due to slight intra-uterine inflamma- 
tion. Congenital hydrocephalus is due to obstruction of the aqueduct. 
A rare cause is the so-called Arnold-Chiari malformatum, a congenital 
deformity of the hind-brain in which the brain stem is displaced 
through the foramen magnum, plugging of which prevents absorption 
of the cerebrospinal fluid. Hydrocephalus may complicate meningitis or 
brain tumors. Tuberculous meningitis, the lesions of which are es- 
sentially basilar, is always accompanied by dilatation of the ventricles, 
due to the formation of a plastic exudate on the roof of the fourth 
ventricle with blockage of the foramina of Magendie and Luschka. 
Hydrocephalus is a common accompaniment of brain tumors and is the 
chief cause of such classical symptoms as headache, vomiting, and optic 
neuritis. It msiy be produced in a variety of ways. (1) A glioma of the 
fourth ventricle or mid-brain may cause complete obstruction of the 
aqueduct. (2) A tumor above the tentorium may press the cerebrum 
down so as to wedge the brain stem into the opening in the tentorium, 
thus producing obstruction to the flow of fluid from the basal cisterns 
to the cortical subarachnoid space and so preventing absorption. (3) If 
the brain is pressed upward against the vault of the skull the sub- 
arachnoid spac;e will be obliterated and again absorption will be inter- 
fered with. It is small wonder, then, that hydrocephalus is a common 
accompaniment of brain tumor. 

The greatest degree of hydrocephalus is seen in young children, 
in whom the head is still capable of enlargement. The enlargement 
may be enormous, with wide separation of the cranial bones, islands 
of bone in a sea of membrane. The little wizened face is surmounted 
by the huge dome-like cranium, which toward the end becomes little 
more than a bag of jelly. The degree of dilatation of the ventricles 
varies from the slightest to the most extreme. (Fig. 433.) In the 
latter the cerebral tissue is reduced to a mere shell from pressure 
atrophy, but the subtentorial structures remain wonderfully intact. 
This is one of the saddest features of the disease, for the mental deteri- 
oration may be complete, yet the intact vital centers in the medulla 
allow the child to continue its miserable and vegetative existence. 

Cerebral Edema.— Edema of the brain is a condition in which fluid 
collects in the brain substance, particularly in the perivascular and 
perineuronal spaces. This must be sharply distinguished from ac- 
cumulation of fluid in the subarachnoid space. The two conditions 
may be associated, but the mechanism by which they are produced is 
quite different. The edema may be due to general or local causes. 
General causes such as cardiac or renal edema may cause cerebral 
edema. In nephritis and particularly in uremia the edema may be 
marked. Chronic alcoholism is often associated with a “wet brain.” 
Local causes are hemorrhage, inflammation, and tumor of the brain. 
Any such focus is sufficient to disturb the intracranial circulation 
sufficiently to allow fluid to pass from the vessels into the soft tissues 
of the brain. The edematous brain is pale, moist, and softer than 
normal. The distinction between gray and white matter is not well 
56 
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marked. The convolutions are swollen and the sulci narrowed. Mois- 
ture exudes from the cut surface. When the edema is due to general 
causes there is likely to be an excess of fluid in the subarachnoid space. 
When the cause is local this space may be empty owing to pressure 
of the brain from below. 



Fig. 4H3. -Hydrocephalus. The ventricles are motleratcly dilated. 


Traumatic Edema. — The edema which hdlows trauma is of extreme 
practical importance on account of the disturbance which it causes in 
the circulation of the cerebrospinal fluid. The best example of this 
type of edema is seen in fracture of the skull. It is not the injury to 
the bone which is of importance but the laceration of the brain, as a 
result of which local edema and swelling rapidly develop. If the 
swelling is marked and persistent the brain tends to be pushed up or 
down, depending on the site of the hemorrhage. If it is pushed up 
against the skull, the subarachnoid space over the vertex is obliterated 
so that no absorption of fluid can occur. If it is pushed down, the 
opening in the tentorium is plugged so that the fluid cannot pass from 
the basal cisterns to the upper subarachnoid space. In both cases the 
result is the same— a great accumulation of fluid at the base of the l)rain 
with increasing pressure on the vital centers in the medulla, as indi- 
cated by slowing of the pulse and respiration. This clink^al picture 
of compression is usually attributed to ‘^medullary edema,’’ but it is 
evident that the effects are not due to a local edema of the medulla 
but to disturbance of the cerebrospinal fluid circulation. 
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There is another way in which the absorption of the cerebrospinal 
fluid may be interfered with. \’arious lesions of the arachnoid villi 
and Pacchionian bodies (which are merely hypertrophied villi) may 
prevent absorption and cause the fluid to accuinulate over the cortex 
in the subarachnoid space (Winkelman and Fay ). The fluid may be 
dammed back in the ventricles; indeed a marked degree of hy'dro- 
cephalus can be produ(;ed experimentally by injecting lamp-black into 
the basal cisterns and in this way blocking the villi. Aplasia or hypo- 
plasia of the villi may cause congenital hydrocephalus. There may be 
fibrosis of the villi in general paresis, uremia, and chronic alcoholism. 
Blocking of the villi by exudate occurs in acute and tuberculous men- 
ingitis and as the result of hemorrhage into the subaracluu)id space. 
It is therefore always well to remove as much blood as possil)le b.y means 
of lumbar puncture. As the result of the defective absorption large 
pools of fluid collect over the cortex, obscuring the convolutions. ''Phe 
subarachnoid space is continued into the brain in tlie form of the 
perivascular sheath, so that the cerebral tissue is everywhere permeated 
l)y cerebrospinal fluid. An excess of fluid on the surface will often 
find its way into the interior, thus explaining the “wet brain” of uremia, 
<'hronic alcoholism, etc. 

It is cas,v to understand the relief which is afforded b,v reducing the 
intracranial pressure in these cases. This ma,v l)c done by^ lumbar 
puncture, or b,v dehydrating the brain b.v introducing magnesium 
sulphate into th(‘ bowel, or giving oO per cent sugar solution intra- 
venously. The high osmotic pressure draws water from the blood into 
the bowel, and at the same time from the brain into the blood. The 
dt'hy'drated brain sliriiiks in volume, and there is a marked fall of 
intracranial pressure. 

Epilepsy. -There is no generally’ recognized pathology’ for idinimthir 
epilepsy, but recent observations have shown, both in the operating 
room and by’ means of encephalography’ (injection of air into the sub- 
arachnoid space by' lumbar puncture followed by’ radiography’), that 
in the convulsive states there are dilatations of the sul)arachnoid 
pathways with corresponding atrophy’ of the uiiderlydng convolutions. 
Similar changes are seen in posMmuinatir epilepsy. The pia-arach- 
noid is thick and opaque. There ma.y be dilatation of the ventiicles. 
The collections of fluid an<l atrophy^ of the corresponding convolutions 
arc readily’ seen on the operating table, but not in the postmortem room. 
The frontal and parietal lobes arc the regions most often affected. No 
one can say for certain if the atrophy is primary and the collection of 
fluid secondary’, or if the excess of fluid is the cause of the atrophy. 
"I'he atrophy does not correspond with the vascular distribution, but is 
limited to the cerebrospinal fluid pathways. It seems probable that 
the initial lesion may be an arachnoiditis, the effect of which is to 
block the villi and to divide the subarachnoid space into areas in wdiich 
the excess of fluid is confined. Whether this is really an important 
factor in the causation of idiopathic epilepsy remains to be seen. 
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INJURIES OF THE BRAIN AND SPINAL CORD 

Laceration.— Varying degrees of laceration are common results of 
head injury. This may occur with or without fracture of the skull. 
Fracture, indeed, seems to act as a safety valve for the brain, as in 
a case w'hich I observed of a child who fell on his head from a height 
of two stories and sustained a fracture of the skull which extended 
from the base over the vertex to the base on the other side, but suffered 
no permanent ill effects. Often the laceration is most marked on the 
side opposite to that on which the blow is struck, the condition known 
as contrecoup. Contrecoup injury, which is commonly seen on the 
under surface of the frontal lobes and the temporal and occipital 
poles, may be more or less severe than the lesion at the site of the 
original injury. Occasionally the only hemorrhage found is in the 
pons or mid-brain due to impact of the brain stem against the basi- 
occiput. When the patient dies months or years later, cortical defects 
may be seen at the smnmits of the convolutions. The end result is a 
worm-eaten scarred area of cortex to which are attached the overlying 
arachnoid and dura. There is demyelination and neuroglial scarring 
of the underlying white matter. These lesions, often small and easily 
overlooked, may be yellowish-brown in color due to the presence of old 
blood pigment. The acutely injured brain is swollen, a swelling usually 
attributed to edema, although some workers question this explanation. 
Petechial hemorrhages are common. Under the microscope they take 
the form of so-called ring hemorrhages, a ring of red blood cells around 
a central necrotic area. The lesions are really in the nature of hemor- 
rhagic infarcts rather than true hemorrhages; blockage of a small vessel 
leads to necrosis, with diapedesis of red cells into the necrotic zone. 

The neuroglial reaction to trauma has attracted much attention, 
both in the experimental animal and in man. All three glial elements, 
microglia, oligodendroglia and astrocytes, share in the changes. The 
microglia reacts to local destruction and disintegration of tissue. 
Transition forms of microglia are found within a few hours of lacera- 
tion, but fully formed compound granular corpuscles, the scavenger 
cells of the central nervous system, only appear after three or four days; 
they remain as long as products of disintegration are present. The 
oligodendroglia reacts immediately after injury with enlargement and 
vacuolization of the cells; in a few hours there is acute swelling which 
persists for weeks, especially about the local injury. Acute swelling of 
the oligodendroglia is one of the conimonest and least specific of glial 
reactions. It is found in every patient dying in coma. The astrocytes 
undergo regressive changes with the development of amoeboid forms in 
the first few days after injury. In the zone nearest the injury there is 
complete destruction, but beyond this zone there is active proliferation, 
with cellular mitosis and the formation of a dense feltwork of fibrils. 
(Plate XXVIII.) This gliosis persists indefinitely in the neighborhood 
of the lesion. The damaged part of the brain shrinks, and fluid col- 
lects in the subarachnoid space. A vascular woof of sclerotic tissue 
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is formed which is adherent above to the meninges and below to the 
general vaso-astral framework of the brain (Penfield) . The scar under- 
goes contraction over a period of months and years, exerting a con- 
stant pull not only locally but on the whole framework of the brain. 
*lhis is probably one of the most important causes of traumatic epi- 
lepsy of the Jacksonian type, which may come on a number of years 
after the original injury. If the injured tissue can be removed soon 
after the trauma, formation of the vascular connective tissue is 
prevented, and the likelihood of subsequent epilepsy greatly diminished. 

Concussion. — This is a transient state following head injury, of 
instantaneous onset, with purely paralytic symptoms, no sign of cere- 
bral damage, and always followed by amnesia for the actual moment 
of the accident. As the result of a blow on the head, which as a rule 
does not produce a fracture, the patient instantaneously loses con- 
sciousness, and at the same time passes into a condition of profound 
shock. The face is pale and the body covered with a cold sweat, the 
temperature is subnormal, the pulse imperceptible, and the respiration 
almost suspended. The patient soon recovers consciousness, and as 
reaction sets in the temperature rises and the pulse becomes bounding. 
In some cases an unpleasant sequel is a marked degree of irritability, 
a condition of “cerebral irritation’' which may last for a long time. 

If a patient suffering from concussion should die, the autopsy find- 
ings are inconclusive. There may be laceration of the brain especially 
on the under surface of the frontal and temporal lobes, with hemor- 
rhage into the subarachnoid space. These lesions can have nothing 
to do with the sudden loss of consciousness and development of shock. 
Petechial hemorrhages may be scattered through the brain, owing 
probably to a wave of cerebrospinal fluid which the blow causes to 
travel from the subarachnoid space into the perivascular sheaths and 
the perineuronal spaces. The sudden anemia produced by this peri- 
vascular wave in the cerebral cortex would account for the loss of 
consciousness, while a similar condition in the medulla would produce 
the phenomena of shock- As the vessels become filled again the stage 
of reaction would set in. The subsequent irritability is probably due 
to injury produced by the sudden violent distention of the perivascular 
sheaths, of which the petechial hemorrhages are the visible indication, 
and this may be followed by gliosis. The allied subject of “punch 
drunk” has already been discussed in connection with traumatic 
cerebral hemorrhage. 

Compression. Increased Intracranial Pressure.— The brain is con- 
fined within a rigid bony box and contains the most sensitive cells in 
the body. An increase of pressure is therefore of great importance, 
and may give rise to the clinical picture known as compression. The 
four chief causes of compression are hemorrhage, abscess, tumor, and 
edema. Edema may complicate any of the other three, and is the 
cause of compression (in conjunction with hydrocephalus) in lacera- 
tion of the brain and fracture of the skull. At the site of the pressure 
the vessels are emptied of blood, and it is the medullary anemia thus 
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produced which renders the condition so dangerous. The fluid is 
driven out of the cerebral subarachnoid space into tlie spinal canal, 
thus giving the brain a little more elbow-room, but the relief is only 
temporary. The dura is tense and the convolutions flattened so that 
the sulci can hardly be detected. In the traumatic cases where the 
brain is forced up against the skull, the subarachnoid space may be 
empty when the dura is incised. In general cerebral edema and in 
cases where the cerebrospinal fluid eliminating mechanism is blocked 
(arachnoid villi and Pacchionian bodies) there may be an abundance 
of fluid over the cortex. 

S3niiptoms.— The symptoms of compression are the same no matter what 
the original cause may be. The higher centers siiJTer first, so that the mind 
is dulled and the patient gradually sinks into coma. Pressure on the motor 
centers may first cause convulsive movements, followed later by paralysis. 
The vital centers in the medulla arc first stimulated and then depressed, so 
that the pulse, respirations, and blood-pressure are all affected. It is not too 
much to say that with the exception of motor paralysis nearly all the really 
important symptoms of intracranial lesions are due to increase of the intra- 
cranial pressure. This is particularly true of brain tumor. The classical 
symptoms of that condition — headache, vomiting, and optic neuritis — arc 
late manifestations of increased pressure. Nearly all the surgeoiPs troubles 
in the operating room are due to this cause, and every effort must be made to 
combat the increase. Particularly in traumatic cases, repeated lumbar punc- 
ture and dehydration of the ])rain by the intravenous use of hypertonic salt 
solution or the administration of magnesiiun sulphate arc of much greater 
value in reducing the pressure than a decompression operation. 

Spinal Cord Injuries.— The spinal cord is most frequently injured 
by fracture or dislocation of the vertebrse. Hemorrhage, wounds, 
etc., arc much less common causes. At the site of the lesion there is 
the same disintegration, softening, and liquefaction as occurs in the 
brain. The immediate result of a severe injury is motor and sensory 
paralysis below the lesion and loss of the organic reflexes. If the 
lesion involves the cervical enlargement, the upper limbs will show a 
lower motor neurone type of paralysis owing to destruction of the 
anterior horn cells, while the lower limbs will show an upper motor 
neurone paralysis from destruction of the pyramidal tracts. It is 
extremely interesting to examine sections taken above and below the 
lesion and stained with Weigert’s myelin slunith stain. If sufficient 
time has elapsed for degeneration of the medullary sheaths to occur, 
all the motor tracts below the le.sion will be degenerated while the 
sensory tracts are intact, but above the lesion the motor tracts are 
intact while the sensory ones are degenerated. 

IleviatomyclUi or hemorrhage into the cord is nearly always due to 
trauma. There is first .softening of the cord, followed later by hemor- 
rhage. The hemorrhage may extend longitudinally in the gray matter 
of the cord, sometimes involving the greater part of the cord. In the 
rare cases which recover the blood may be replaced by glial tissue, 
giving a lesion very similar to syringomyelia. 
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INTRACRANIAL SUPPURATION 

Suppuration within the cranial cavity may take the form of extra- 
dural abscess, abscess of the brain, and ^nrn^s ihroinbophlebitui. Acute 
meningitis is also a suppurative condition, but is more conveniently 
considered under a separate heading. 

Extradural Abscess.— The infection spreads from the skull as the 
result of osteomyelitis of the cranium, a compound fracture, middle- 
ear disease, or frontal sinus infection. A collection of j)us is formed 
external to the dura, and as that membrane offers a stout barrier to 
the spread of infection, the abscess may remain localized for a con- 
siderable time. The scalp over the inflamed area of bone becomes 
swollen and edematous, forming what is known as Pott's puffy tumor, 
a condition described by Percival Pott in 1760. 



Fig. 434. — Single metastatic brain abscess in the frontal lobe secondary to an abscess 
of the lung. The right ventricle is dilated. 


Abscess of the Brain.— The infection may spread from a local focus 
or may be carried from a distance by the blood stream. The common 
local fonts is middle-ear suppuration. It may also result from infec- 
tion of the frontal and nasal sinuses, from osteomyelitis of the skull, 
or from a compound frac'^iirc. Infection from the middle ear may 
spread up through the tegmen tyinpani, in which case the surface of 
the bone is eroclcd, or by the veins, when no external lesion can be 
seen either on the bone or the cerebral surface. Distant infection 
most often comes from a septic focus in the lung, usually bronchiec- 
tasis; sometiiTies there is empyema. It is probable that infection 
spreads from the lung to the brain by the vertebral system of veins 
(see page 258). This would explain the fa(*t that there are no abscesses 
in other organs. The abscess is often single, the common site being 
the white matter of the frontal lobe. (Pig. 4M.) 
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The abscess cavity is filled with pus in which there may be staph- 
ylococci, streptococci, or pneumococci. Bacillus pyocyaneus is often 
present, giving the pus a greenish color. The common site in middle- 
ear cases is the temporo-sphenoidal lobe, sometimes the cerebellum. 
The latter is much the more serious because of the frequency of men- 
ingitis, probably due to the depth of the cerebellar folia. When the 
infection comes from the frontal and nasal sinuses the frontal lobe is 
involved. A well-formed capsule is produced at the end of three weeks 
by fibroblasts in the adventitia of vessels. It is only after the formation 
of this capsule that an operation can be undertaken with hope of 
success. The best results are those obtained in abscess secondary to 
middle ear infection, the worst in cases secondary to lung abscess. 
It is remarkable how silent a brain abscess may be for a considerable 
time, especially if it is in the temporo-sphenoidal lobe. The tempera- 
ture may be normal, the pulse is slow (abnormally so), and there may 
be very little leucocytosis. The cerebrospinal fluid is usually normal, 
apart from increased pressure, but if the abscess approaches the surface 
polymorphonuclears may appear in the fluid, due to seepage of toxic 
material into the subarachnoid space. An encapsulated abscess may 
remain quiescent for many months, but eventually it will rupture into 
a ventricle or reach the surface and set up a fatal meningitis. 

Sinus Thrombophlebitis.— Infection reaches the venous sinuses of 
the dura mater by spread from some neighboring focus. The wall of 
the sinus becomes inflamed (phlebitis), and thrombosis follows as a 
matter of course. The lateral sinus is infected from the middle ear and 
mastoid, so that this is the vessel most often involved. The superior 
longitudinal sinus is infected from erysipelas and other septic condi- 
tions of the scalp. The cavernous sinus is infected from septic foci 
in the nose, face, orbit, and sphenoidal air sinus; carbuncle of the face 
is especially dangerous in this respect. 

The thrombosis tends to spread from one sinus to another, and 
from the lateral sinus down the jugular vein, which can be felt as a hard 
and tender cord. The infection may spread outward, causing men- 
ingitis or cerebral abscess. The great danger, however, is the soften- 
ing and liquefaction which occur in the infected thrombus. At any 
moment a piece of the softened clot may be dislodged, carried by 
the jugular vein to the right side of the heart, and thence to the lungs 
where it is arrested. The inevitable result is the formation of a pul- 
monary abscess, followed later by pyemia. For this reason ligation 
of the jugular vein must be done before any direct attack upon an 
infected lateral sinus can be attempted. 

The clinical course of sinus thrombophlebitis is very different from 
that of cerebral abscess. In the former it is stormy and tempestuous 
compared with the calm and peace of the latter. High fever, rigors, 
and chills are common, owing to the continual discharge of septic 
material into the blood stream. 
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MENINGITIS 

Infection may reach the meninges by the blood stream, from the 
brain, or from neighboring foci of infection in the middle ear, naso- 
pharynx, accessory nasal sinuses, etc. Meningitis may complicate 
fracture of the base of the skull, particularly the anterior cranial fossa 
with involvement of the nasal fossae and ethmoidal sinuses. In such 
cases the fatal infection may come from infected sinuses through the 
fracture line many years after the accident (Linell and Robinson). 
Almost any pathogenic organism may cause meningitis and even fungi 
have been known to do so, but there are only four common ones; 
these are the meningococcus, streptococcus, pneumococcus, and tubercle 
bacillus. The first three are pyogenic and cause purulent inflammation, 
so that the pathological changes are practically identical. 

Meningococcal Meningitis.— This is the commonest form of men- 
ingitis. The disease is usually sporadic, but may become epidemic. 
For this reason it is known as epidemic cerebrospinal meningitis. The 
epidemiology is quite different from that of an ordinary infectious 
fever, for there is seldom more than one case in a family, and it is 
difficult to trace the contagion. The explanation is that the receptiv- 
ity of the throat is high, while that of the meninges is low. There are 
always far more carriers than patients, and a carrier epidemic precedes 
and accompanies a case epidemic. 

The mode of infectim of the meninges is a matter of doubt. The 
disease is certainly spread from one person to another as a throat 
infection, as can be readily shown by taking swabs of the throats of 
a community during an epidemic. The difficulty is to decide by what 
route the meningococcus passes from the nasopharynx to the men- 
inges. It may possibly spread through the lymphatics in the cribri- 
form plate of the ethmoid and thus reach the subarachnoid space, but 
neither the organisms nor any sign of inflammation can be found in 
the ethmoid in fatal cases. It seems more likely that infection is by 
the bloodstream, for the meningococci can be found in the blood 
in about one-third of the early cases; sometimes, indeed, they are 
confined to the blood and never reach the meninges (meningococcal 
septicemia). It may be that the meninges are infeeted primarily from 
the blood, but it is difficult to explain the fact that in fulminant cases 
where the patient dies within twenty-four hours the blood and the 
fluid in the ventricles contain meningococci, yet the meninges are 
normal. It appears more likely that a metastatic focus is set up in the 
choroid plexus, from which the microorganisms are poured into the 
ventricles. First a choroiditis and then an ependymitis is produced, 
the cocci living on the ependymal lining of the ventricles, which is an 
epithelial structure like the lining of the nasopharynx. The flow of 
fluid carries pus and bacteria into the basal cisterns and down the 
spinal canal as well as to a varying extent up into the cerebral sub- 
arachnoid space. In infants, especially those brought up on the bottle, 
the brain is very soft, so that the eulci and cerebral subarachnoid space 
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are easily closed by the increased pressure, and the pus collects entirely 
in the basal cisterns, giving the posterior basic type of meningitis 
seen only in infants. 

Lesions.— The brain is covered with a purulent exudate, confined to 
the subarachnoid space and therefore most abundant in the sulci. 
(Fig. 435.) The meningeal vessels arc greatly dilated. The exudate 
on the surface of the cerebrum is most marked in the frontal and 
parietal regions, but the bulk of the exudate is to be found at the base, 
where it fills the interpeduncular space, passes forward along the optic 
nerves, backward into the great cisterns and upward along the middle 
and anterior cerebral arteries. In the spinal canal the exudate is 
largely confined to the posterior surface of the cord, an effect of gravity. 
The ventricles are moderately dilated and filled with turbid fluid, the 
choroid plexus is hyperemic, and the lining of the ventricles roughened. 



Fio. 435. — Acute meninKococcus meninKitis. The nieninKosil vessels are Krcatly dilated. 
Scattered over the surface are larRC opaque areas of purulent exudate. 


Microscopically the subarachnoid space is filled with a purulent exu- 
date consisting of polymorphonuclear leucocytes with a few lympho- 
cytes and large mononuclear phagocytes. (Fig. 43ff.) Fibrin is seldom 
marked. The vessels are greatly distended and there may be small 
hemorrhages. Meningococci are present both inside and outside the 
leucocytes. The brain and cord are not affected, although the exudate 
may penetrate the perivascular sheaths for a little distance. The only 
place where there is any inffamination is under the ependyma and in the 
choroid plexus. 

The rest of the body shows little change, for the meningococcus has 
difficulty in establishing itself in the tissues, although it flourishes on 
the surface of the upper respiratory tract and in the ventricles and 
subarachnoid space. The nasopharynx shows congestion, edema, and 
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an infiltration with lymphocytes and plasma cells. In rare cases the 
meningococcus may cause endocarditis, pericarditis, arthritis, adrenal 
hemorrhage, etc. 

Cerebrospinal Fluid. Lumbar puncture shows the pressure to be raised 
owing to a marked increase in the amount of fluid formed. The fluid is turbid, 
but in the earliest stage it may be almost clear. The i)rotcin content is high, 
above 0.3 per cent and sometimes as high as 0.8 per cciit. The sugar is dimin- 
ished and may be absent, owing to the fermentative action of the meningo- 
coccus. The film shows the cells to be polymorphonuclears, but as recovery 
sets in their place is gradually taken by large mononuclear phagocytes (macro- 
phages) and finally by lymphocytes. The meningococci are usually intra- 
cellular, but some may be extracellular. They arc Gram-negative diplococci, 
bean-shaped and indistinguishable in smears 
from the gonococcus. They are seldom 
numerous and sometimes none can be found. 

In such a case one should not wait for the 
result of a culture, but administer anti- 
meningococcal scrum at once. A purulent 
fluid in which no organisms can be found is 
almost certainly meningococcal. When cul- 
turing the fluid, at least a cubic centimeter 
should be used; it is useless to take a mere 
loopful. When a case has been treated for 
some time with intrathecal injection of serum 
and sulphonamide drugs, the fluid may remain 
turbid and full of pus cells though the bac- 
teria disappear. This is due to an aseptic 
Tneningitis caused by the treatment. The 
result of culture ratlier than the gross ap- 
pearance of the fluid is the true measure of 
the progress of the case. 

The Relation of Symptoms of Lesions.— 

The prognosis in meningococcal meningitis 
is much better than that in the pneumo- 
coccal and streptococcal forms. In severe 
cases there may be a hemorrhagic rash on 
the skin and mucous membranes. This is 
a septicemic manifestation, due to embolic 
plugging of the capillaries. Most of the 
cerebral symptoms, such as headache and 
vomiting, are due to increased intracranial 
pressure. Stiffness and retraction of the 
neck, the most characteristic part of the 
(linical picture, is caused by irritation at the 
posterior part of the base of the brain. It 
reaches its most extreme degree in the pos- Fig. 436. — Acute meniugitis. 
terior basic meningitis of itifants where the The subarachnoid space is packed 
retraction may be so great that the head with inflammatory cells. X 160. 
may actually touch the back, a condition of 

opisthotonos. Strabismus (squint) and diplopia (double vision) may be present 
d\ie to involvement of the third, fourth, and sixth nerves at the base of the 
brain. The heightened intracranial pressure is due partly to tin increased 
outpouring of fluid, partly to interference with the normal absorption from the 
cerebral subarachnoid space. This interference is caused by blockage of the 
eliminating apparatus (arachnoid villi and Pacchionian bodies) by the purulent 
exudate; the accumulation in the basal cisterns which tends to push the brain 
up against the roof of the skull probably plays a part. Lumbar puncture, and 
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still better cisternal puncture, will help to relieve this state of affairs. If the 
fluid is not absorbed it will accumulate in the ventricles which become dilated, 
but a true internal hydrocephalus due to blocking of the openings in the roof 
of the fourth ventricle is not common in adults. In infants it is a frequent and 
fatal complication, the great compressibility of the very soft brain of the 
infant being the most important factor. 

Meningococcal Septicemia. — In every case of meningococcal meningitis 
there is probably an element of septicemia, but the term meningococcal septi- 
cemia is usually reserved for those cases in which there is a blood infection 
without a corresponding infection of the meninges. It is an extrameningeal 
meningococcal infection. Meningitis may sometimes develop after the septi- 
cemia has been in progress for a number of weeks; this is called meningitis 
tarda. The course of meningococcal septicemia varies enormously. The 
fulminating cases may be incredibly rapid, and in these the infection may 
be so heavy that large numbers of meningococci can be seen in the blood 
smears. As Herrick remarks: ''No other infection so quickly slays.” In 
other cases the infections may go on for weeks and even months, blood cultures 
being repeatedly positive. In the more severe septicemic cases a hemorrhagic 
rash is likely to be present. 

Other Forms of Suppurative Meningitis. — Pneumococcal meningitis may be 
primary or secondary to infection in the middle ear, nasal sinuses or lung. 
The disease is very acute and usually fatal. The morbid anatomy is the same 
as that of meningococcal meningitis. The purulent cerebrospinal fluid contains 
large numbers of pneumococci, so that the diagnosis can readily be made from 
a smear. The fibrinogen is much increased, and the fluid may even clot 
spontaneously. Streptococcal meningitis is usually secondary to middle car or 
sinus infection, but occasionally it may be primary. It has the same bad 
prognosis as pneuniococcal meningitis. * This prognosis, together with that of 
pneumococcal meningitis, has been greatly improved since the introduction 
of the sulphonarnide drugs. The organism may be Streptococcus hsrrnolyticus, 
Streptococcus viridans or Streptococcus mucosus. The last-named usually 
comes from the ear, causes the formation of a characteristically sticky mucoid 
exudate, and nearly always kills the patient. The morbid anatomy and the 
condition of the cerebrospinal fluid are the same as in the other two forms of 
acute meningitis. Streptococci are iLsually pre.scnt in large numbers in the 
fluid. Staphylococcal meningitis is rare, and the organisms are present in very 
small numbers. Influenza bacillus meningitis, better called Pfeiffer’s bacillus 
meningitis, is the fifth commonest form in America, although much less com- 
mon in Britain. It is suppurative, commonest in children, and very fatal. 
Typhoid and paratyphoid bacilli and Bacillus coli are occasional causes of 
meningitis. Still more rare are Bacillus pyocyaneus, Bacillus anthracis, Bacillus 
mallei, P’riedlander’s pneumobacillus. Micrococcus catarrhalis, actinomyces and 
a streptothrix. 

Meningitis Sympa^ca. — This is a non-bacterial inflammatory reaction in 
the cerebro.spinal fluid, an aseptic meningitis. There is an increase in the 
amount of fluid and of protein, a marked increase of polymorphonuclear leuco- 
cytes which may be several thousand in number, turbidity of the fluid, but no 
bacteria. Stiffness of the neck and other signs of meningitis may be present. 
The meningeal inflammation is due to the action of toxins from a neighbor- 
ing focus of infection, of which the most important are brain abscess and 
suppuration in the middle car and the accessory sinuses of the skull. The 
differentiation from ordinary acute meningitis is made by culture. 

Meningism. — This is a name given to a condition usually in children, in 
which the symptoms simulate meningitis but no evidence of inflammation is 
found. The blood chlorides are very labile in childhood. They may fall in 
lobar pneumonia, after attacks of vomiting and diarrhea, or owing to drinking 
large amounts of water in high fever. There is an accompanying fall in cere- 
brospinal fluid chlorides, but it may be less rapid. As a result of this lag there 
is an outpouring of water into the subarachnoid space (due to the lowered 
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osmotic tension of the blood), and a heightening of intracranial pressure with 
symptoms suggestive of meningitis but at once relieved by lumbar puncture. 
The only abnormalities in the fluid are high pressure and low chlorides. 


Tuberculous Meningitis.— Tuberculous infection of the meninges 
may be primary (in the sense that it is the first active lesion to manifest 
itself), or it may be part of a general miliary tuberculosis. The latter 
is invariably fatal, the former usually so but recovery is possible. In 
England 30 per cent of the cases are due to the bovine type of tubercle 
bacillus. The infection reaches the brain by the blood stream, and it 
is usually believed that the meninges are primarily involved. It can 

be shown experimentally, 



however, that the meninges 
are very resistant to blood 
infection, even when large 
numbers of tubercle ba(*illi 
are injected into the carotid 


Fig 437. — Small tuberculous lesion of the brain Fig. 43S. — Tuberculous lesion in the 

discharging into the subarachnoid space. Several brain rupturing into a bloodvessel, 
giant cells can be seen. Giant cells can be seen in the lumen 

of the vessel. 


artery. On the other hand, they are readily infected when the in- 
jection is made directly into the subarachnoid space. Rich has 
shown that in most cases of tuberculous meningitis it is possible 
to demonstrate a tuberculous lesion in the brain, the choroid 
plexus, and even the meninges, and this lesion he regards as the 
primary source of the meningeal infection. The lesions are often 
multiple, but they may be no larger than a pea, so that the brain has 
to be cut into very thin slices if they are to be demonstrated. When 
one of these lesions is sufficiently superficial to discharge bacilli into 
the subarachnoid space or the ventricles, heavy infection of the 
meninges at once results. (Fig. 437.) The lesion may open into a 
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bloodvessel, causing general miliary tuberculosis (Fig. 438), or the 
Pacchionian bodies may be infected from the subarachnoid space and 
the bacilli pass in this way into the superior longitudinal sinus. Other 
workers do not agree with Rich, and believe that the meninges are 
infected from the blood stream. Beres and Meltzer examined 28 cases 
of tuberculous meningitis. In only 6 were there cortical tubercles 
which might have caused the meningitis, and in 11 there were tubercles 
in the choroid plexus. 

Lesions. The type of lesion varies with the massiveness of the 
infection. If the dose is small the principal lesion is the miliary tubercle, 
but if it is large there may be an abundant non-specific exudative 
reaction with the formation of a creamy or greenish somewhat gelatin- 




Fio. 439. — 'J'ubcrculous meiiinKitia. The 
exudate covers base of brain. 


Fig. 440. — Tubeiciilous Rraniilar 
cpondyiuitis. 


ous exudate at the base of the brain extending from the chiasma in 
front to the cerebellum behind, filling up the spaces (Fig. 439) and glue- 
ing together the surfaces. The tubercles arti covered up by this exudate, 
but they can usually be seen on the upper surface of the cerebellum, on 
the velum intfTpositum, and along the line of the vessels as they pass 
up to the cortex. Sometimes almost no exudate or tubercles can be 
detected unless a very careful examination be made of the base of the 
brain with a hand lens. In these cases it is difficult to understand why 
the patient should have died. The convolutions are flattened and the 
sulci narrowed owing to the hydrocephalus which is nearly always 
present, and which is causf'd by the thick exudate over the roof of the 
fourth ventricle. The ependymal lining of the dilated ventricles is 
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roughened and granular ependymitis resembling that seen in cerebral 
syphilis is not uncommon. (Fig. 440.) When the brain is hardened and 
cut into very thin slices it is often possible to demonstrate small tubercu- 
lous lesions in the superficial part of the cortex or in the wall of the ven- 
tricle. Sometimes these lesions may be in the cord instead of the brain. 

Mkroscopically the picture is a mixed one, partly tuberculous an(i 
partly inflammatory in nature. The tubercles seen with the naked 
eye consist of the familiar epithelioid cells and lymphocytes, but tfiere 
is a remarkable absence of giant cells. In the primary tuberculous 
lesions of the brain, on the other hand, giant cells are numerous. The 
center of the tubercle is necrotic. The epithelioid cells may be ar- 
ranged diffusely in the subarachnoid space, so that there is danger 
of not recognizing the tuberculous nature of the condition, but the 
preseiK^e of necrosis is highly characteristic. Tuberc'le bacilli can be 
seen in appropriately stained sections. When the reaction is more 
acute the subarachnoid space is filled with lymphocytes, plasma cells, 
and polymorphonuclears, but here .again patches of necrosis indicate 
the nature of the process. The walls of the A essels are thickened and 
infiltrated with inflammatory cells. The brain is remarkably free 
from inflammatory k'sions, but in places the infection may extend 
for a short distance into the cortex. n''he primary' focus in the brain 
shows a typical picture of tuberculosis with giant-cell formation. 
'^l\ibereulous necrotic foci can often be found in the choroid plexus 
and velum interpositum. 

Cerebrospinal Fluid.— The diagnosis is made by lumbar puncture, so that 
the changes in the spinal fluid are of great importance. The clinical picture in 
poliomyelitis, epidemic encephalitis, and a deep brain abscess may closely 
resemble that of tuberculous meningitis, and unfortunately the spinal fluid 
findings are quite similar, but there are slight though important dilTerences. 
The pressure is raised, and the fluid is clear or opalescent, almost never turbid. 
When allowed to stand a fine web of fibrin forms. This is very characteristic 
of tuberculous meningitis and is never seen in encephalitis and brain abscess, 
but a web sometimes forms in poliomyelitis and syphilitic meningitis. The 
protein is increased to a greater degree in tuberculous meningitis than in the 
other three (0.1 to 0.3 per cent). The sugar is decreased and sometimes dis- 
appears; in poliomyelitis and brain abscess it is normal, and in encephalitis 
it may be above normal (0.07 to 0.09 per cent). Estimation of sugar is there- 
fore of great use in distinguishing between these easily confused conditions. 
The chlorides are low, below 0.05 per cent (normal: 0.72 to 0.75 per cent). 
This is the most valuable of all the chemical tests, for no other condition gives 
a really low reading. In exceptional cases the chlorides may be normal. The 
cells average from 50 to 200 per c.imn. (normal: 5 or less, though in children 
it may be higher). The cell count is usually below 50 in encephalitis and brain 
abscess, but in poliomyelitis it may be similar to tuberculous meningitis. The 
predominant cell is the lymphocyte, but in acute reactions, especially in 
children, there may be as many polymorphonuclears as lymphocytes. The 
demonstration of the tubercle bacillus is the conclusive proof of the nature of 
the condition. Both the web and the centrifuged deposit should be examined. 

The Relation of Symptoms to Lesions. Paralysis of the cranial motor 
nerves, especially the oculomotor, may be caused by the exudate at the base 
of the brain, so that ptosis (drooping of the upper lid), squint, and diplopia 
are common. Stiffness and retraction of the neck are symptoms common to 
any meningeal irritation involving the base of the brain and the upper spinal 
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meninges. Cortical irritation may lead to spasms and convulsions. The 
acute hydrocephalus which is of such constant occurrence is responsible for 
symptoms of compression terminating in coma. 

Tuberculoma. — This is a rather rare slow-growing circumscribed 
tuberculous lesion, often multiple, usually occurring in children, and 
easily mistaken for a tumor of the brain. It may become as large as 
a walnut. (Fig. 441.) It generally forms a firm spherical mass, but 
softening may sometimes occur with the formation of a tuberculous 
abscess. Microscojncally the center is caseous, with epithelioid and 
giant cells at the margin. The prognosis is bad, for operative inter- 
ference is nearly always followed by tuberculous meningitis or general 
miliary tuberculosis. 



Fig. 441. — Tuberculoma of the brain. 


Tuberculoma en Plaque. — Tuberculoma en plaque is a very rare tuberculous 
lesion occurring only in adults. There is a tuberculous nieningo-cncephalitis 
of very chronic character, with the formation of a flat plaque on the surface 
of the fronto-parietal cortex. The symptoms are those of tumor, i. e., head- 
ache, vomiting and Jacksonian epilepsy, with the addition of fever. 

Torula Meningitis.— This is a very rare condition due to torula infection, a 
yeast belonging to the group Blastomycetes. The cerebral lesion is a meningo- 
encephalitis, and the infection is secondary to a lesion in the lung or elsewhere. 
The lesions may simulate those of tuberculosis, consisting of epithelioid cells 
and giant cells, but the characteristic feature is the presence of large numbers 
of yeast-like cells. 

Lymphocytic Choriomeningitis. — Under this heading are placed cases of 
acute but mild meningitis, characterized by a remarkable lymphocytosis. The 
cell count may be as high as 600 per c.mm. The fluid is sterile, with a slight 
increase of protein but normal sugar and chlorides. The Wasserrnann reaction 
is normal, but the colloidal gold test may give a meningitic or even a paretic 
curve. The patients all recover, so that the condition is also called benign 
lymphocytic meninyitu. The condition is now known to be due to a virus, as 
can be shown by inoculating monkeys with the cerebrospinal fluid. Inciden- 
tally this is about the only virus disease of the nervous system in which the 
virus can constantly be recovered from the cerebrospinal fluid. In the experi- 
mental animal the choroid plexus as well as the meninges are inflamed. The 
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distribution of lesions in man is not known, as the disease is not fatal. The 
virus seems to occur naturally in mice without producing disease, and it is 
possible that it may be transmitted from mice to man. 

VIRUS DISEASES OF THE NERVOUS SYSTEM 

Certain filterable viruses have a special affinity for the central 
nervous system. They are neurotropic and cause some of the most 
serious diseases which afflict that system. There are some viruses 
which primarily attack the nervous system, e. g., poliomyelitis, rabies, 
distemper of dogs, Borna disease of horses. Others do not ordinarily 
involve the nervous system, but when injected into the brain of an 
animal they produce serious or fatal results; examples are herpes 
febrilis, salivary gland disease of guinea-pigs, and vaccinia. There is 
still a third group of very common febrile diseases (measles, chicken- 
pox, smallpox, vaccinia) in which injury of the nervous system occurs 
on rare occasions, usually during convalescence. Neurotropic viruses 
are peculiar in that they reach the central nervous system via periph- 
eral ner\ es (cranial and spinal), traveling actually in the axis cylinder 
of the nerve fiber. Moreover they diffuse throughout the entire 
nervous system (central, peripheral and visceral), as bacteria spread 
throughout the vascular system in septicemia. Thus, when the virus 
of rabies is inoculated into the brain it can be recovered from the 
peripheral nerves some days later, although if a nerve is cut across, 
the distal part remains free from infection. That the virus travels by 
ways of the axons is demonstrated by the fact that when the virus of 
poliomyelitis is inoculated into the sciatic nerve of one leg it can be 
recovered from the opposite motor cortex, thus following the decussa- 
tion of the motor path. 

The three cardinal lesions of virus diseases of the central nervous 
system are inclusion bodies, cellular necrosis, and inflammation. Not 
all of these need be present, and unfortunately none of them is specific 
for viruses. It is very difficult to say how long a virus may remain in 
the nervous system once it has gained entrance. There may be more 
than fancy in von Economo’s conception of the ‘‘encaged virus,” which 
once having got in cannot get out again. It may do no harm until some 
accessory factor takes a hand, as in the case of herpes febrilis. Many of 
the viruses produce inclusion bodies in the affected nerve cells, e, g., 
rabies, poliomyelitis, and Borna disease of horses. These and other 
fundamental matters have already been considered in the general 
discussion on viruses in Chapter VII. 

Reference has already been made to the way in which neurotropic 
viruses travel along nerve fibers. This ability depends to some degree 
on the age of the individual. A neurotropic virus, which in young 
mice can travel from the nose to the olfactory region of the brain and 
thence to the thalamus and cortex causing fatal encephalitis, is held 
up in the olfactory region in older animals. This is probably due to 
the gradual development of a local immunity to the virus, and is of 
interest in relation to the prevention of such a disease as poliomyelitis. 

67 
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Two great classes of lesions produced by neurotropic viruses may 
be distinguished. (1) N on-suppurative encephalitis or myelitis in 
which the infecting agent enters and destroys certain groups of nerve 
cells. Poliomyelitis, rabies, herpes, louping ill in the sheep, Borna 
disease in the horse (equine encephalomyelitis) are characteristic 
examples; epidemic encephalitis may be included with reserve, and 
possibly herpes zoster. (2) Encephalomyelitis in which the essential 
lesion is a primary demyelination of nerve fibers. The evidence that 
this group is caused by a virus is not absolute, only suggestive. An 
acute disseminated encephalomyelitis of this type may be primary, or 
it may follow the specific infectious fevers or vaccination. The dcmye- 
lination, shown by the Weigert-Pal method, is striking and widespread. 
The question naturally suggests itself as to whether such demyelinating 
diseases as disseminated sclerosis and Schilder’s disease should be in- 
cluded in this group. These latter diseases, however, are slowly pro- 
gressive, whereas encephalomyelitis, if not fatal, ends in recovery. Our 
knowledge regarding the essential mechanism of demyelination and the 
question whether it is due to one or several classes of agent is still too 
rudimentary to justify us in concluding that it is due to a virus infection 
in every instance. In addition to the destructive and demyeliiiizing 
lesions,.. both groups show perivascular collections of round cells. In 
Group I at least a proportion of these represent a true inflammatory 
reaction to the virus, all the more likely because polymorphonuclcars 
are abundant in so typical an example as poliomyelitis. In Group II 
they are probably secondary to the myelin destruction, being prolifer- 
ated microglial scavengers. 

Acute Anterior Poliomyelitis.— Poliomyelitis or infantile paralysis 
is an acute infectious disease of the central nervous system which may 
appear in endemic or in epidemic form. It is a disease of young chil- 
dren, not of infants as the name would suggest, but in the large Winni- 
peg epidemic of 1928, 20 per cent of the cases were over fifteen years of 
age. An epidemic usually begins about the end of June and disap- 
pears with the first onset of cold weather. In spite of this clear-cut 
seasonal incidence which suggests an insect carrier, there seems to be 
little doubt that the disease is spread by personal contact. The 
carrier is not a patient, but a healthy person who harbors the virus in 
his nasopharynx or intestine. When a person develops the disease the 
virus in the throat at once loses its virulence, so that there is little 
danger of infection from the patient himself. More than one case 
seldom develops in a household. An epidemic of poliomyelitis is 
preceded by a carrier epidemic during which the virulence becomes 
raised. When this becomes sufficiently high, invasion of the nervous 
system occurs and a true epidemic begins, lasts a few months, and then 
rapidly disappears. During an epidemic the incidence of infection is 
much greater than the incidence of the disease. 

Poliomyelitis is caused by a filter-passing virus. The 
bacteriology has already been discussed in Chapter VII. The virus is 
strictly neurotropic. The disease can be reproduced in the monkey by 
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intracerebral inoculation of infected spinal cord. At least one human 
strain (Lansing strain) has been transferred through the monkey to the 
cotton rat and then to white mice (Armstrong). It is of interest 
to note that the virus is now non-pathogenic for the monkey and 
can be used for immunization. The monkey can be infected by paint- 
ing the virus on the nasal mucosa. As no infection occurs when the 
olfactory nerves are cut, it is evident that infection passes along these 
nerves to the olfactory bulbs, which show marked inflammatory ..and 
•degenerative lesions, and thence to the brain and spinal cord. These 
results have been applied to man, and it has long been presumed that 
the portal of entry was the nasopharynx and the olfactory tract. On 
the other hand it is now admitted that no lesions are found in the 
human olfactory bulbs, nor does blockage of the olfactory route by 
spraying the roof of the nasal passages with zinc sulphate offer any 
protection, although this procedure protects the monkey against 
infection from the nasopharynx. Yellow fever and rabies, both virus 
diseases, can be transmitted to the monkey by the nasal route, but no 
one suggests that this is the usual method of infection in man. 

It is now known that the poliomyelitis virus can be isolated from the 
stools both in active and convalescent cases, sewage, the wall of the 
small and large intestines, and the mesenteric lymph nodes (Paul and 
Trask). It is indeed twice as easy to find the virus in stools as in 
nasal washings, especially in abortive cases, and the stools may remain 
infective for many weeks. These results suggest that poliomyelitis is 
primarily an intestinal rather than a respiratory tract disease. This 
would agree with the seasonal incidence. When the virus is admin- 
istered orally to the monkey its passage from the intestine to the 
central nervous system can be traced. 

From the standpoint of the human disease, however, the most 
important contribution is that of Faber and Silverberg, who tracefl the 
course of the virus in eight patients dying in the acute stage by studying 
the distribution of the lesions demonstrated histologically. In general 
the evidence of penetration through the upper alimentary and res- 
piratory tracts was far more striking than through the lower alimentary 
tract. The pharynx, which is exposed to infection both from the nose 
and the mouth, was a specially favorable source for penetration of the 
virus. There was no single portal of entry, nor any support of the 
concept of an exclusive channel for all cases such as the olfactory and 
the intestinal. In no instance was the olfactory tract the route of 
infection. Invasion through the sympathetic results in initial involve- 
ment of the central nervous system at the spinal level; invasion through 
the other principal channels (the fifth, ninth and tenth cranial nerves) 
results in initial involvement at the level of the brain stem (midbrain, 
pons, medulla). This does not necessarily determine the site of initial 
paralysis. 

The suggestion that poliomyelitis is primarily an intestinal rather 
than a respiratory tract infection has directed attention to the pos- 
sibility of insect vectors. It was soon found that the virus could be 
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demonstrated in the bodies of green bottle and blow flies caught in 
epidemic areas and near the dwellings of poliomyelitis patients (Trask 
and Paul). On the basis of these experimental facts it has been sug- 
gested that human infection is mainly carried by flies. Clinical and 
epidemiological observations, however, do not support this view. 
It appears probable that the common method of infecition is by passage 
of the virus from person to person by means of respiratory and oral 
transfer. Howe and his associates have shown that the virus can be 
obtained much more readily by means of oropharyngeal swabs than by 
the classical method of nasal irrigation. The virus was obtained in 
as high as 50 per cent of a small group of cases. This suggests the 
possibility of air-borne infection, at least in some cases in man. The 
history of the experimental work on poliomyelitis shows that the fact 
that a disease or lesion can be produ(;ed in a certain way in an experi- 
mental animal is no proof that it is produced in that way in man. 
The immunity which follows the disease is life-long, thus agreeing with 
the rule of virus diseases in general. A second attack is very rare. 
Immune bodies can be demonstrated in the blood of the patient during 
the remainder of his life. 

Symptoms. — Although the disease is called infantile paralysis there may be 
no paralysis. These cases are spoken of as abortive forms; they remain in 
the preparalytic stage. Perhaps immunity develops in time to prevent the 
paralytic lesion. The child is feverish, irritable, with rigidity of the neck 
and a stiff back. The diagnosis in this stage, important as regards early 
immune serum treatment, depends on a healthy clinical suspicion and lumbar 
puncture. When paralysis develops, usually on the second or third day, it 
attains its maximum at once, and as a rule shows no subsequent extension. 
This again may be attributed to the rapid immunity. Only one arm or leg 
may be involved, or both legs (paraplegia). There may be bulbar symptoms 
with facial paralysis, squint, difficulty in swallowing, and respiratory failure. 
In the bulbar type there may be no spinal symptoms. In addition to motor 
weakness, pain is a constant symptom. This is usually pain on passive move- 
ment, but there may be spontaneous pain in a limb. 

Lesions.— The lesions are always widely distributed throughout the 
central nervous system, although the symptoms (monoplegia, etc.) 
may suggest a very limited involvement. The lumbar enlargement of 
the cord is the most frequent site of lesions, followed by the cervical 
enlargement. The most marked lesions are in the anterior horn, but 
the posterior horn is also involved. Although the disease is called a 
myelitis, the brain is invariably involved in cases that come to autopsy. 
The severe cerebral lesions are confined to the brain stem (medulla, 
pons, and mid-brain), they are slight or absent in the basal ganglia, 
and practically never found in the cerebral cortex. In addition to 
the cord lesions there is involvement of the dentate nucleus of the 
cerebellum, the Gasserian ganglion, posterior root ganglia, and anterior 
and posterior nerve roots. It is evident that the virus has spread far 
and wide through the central nervous system. The lesions are both 
inflammatory and degenerative. The inflammatory lesions are the 
result, not the cause, of the degeneration. Soinetimes, however, as in 



VIRUS DISEASES OF THE NERVOUS SYSTEM 


901 


the brain stem, inflammation may be much more evident than any 
demonstrable neuronal degeneration. 

The cord is swollen on account of edema, and bulges when cut 
across. The gray matter may be hyperemic. The meninges are con- 
gested and may show slight inflammatory change, but this is seldom 
marked, thus agreeing with the absence of marked cellular changes 
in the cerebrospinal fluid. The so-called meningeal symptoms char- 
acteristic of the preparalytic stage are apparently not due to menin- 
. geal inflammation, as can be shown convincingly in the experimental 
animal. 

The mflammatory ledons arc best studied in the gray matter of the 
anterior horn of the spinal cord (anterior poliomyelitis) and in that 
of the pons and medulla, but the white matter does not escape. There 
is great congestion and hemorrhages are frequent. The vessels are 
surrounded by collars of inflammatory cells similar to the perivascular 
c;ollars in epidemic! encephalitis. 

Ill addition to the perivascular 
lesions, diffuse and focal collec- 
tions of inflammatory cells are 
present in the interstitial tissue. 

'^riie focal collections may show 
necrosis. For the first few days 
the inflammatory cells arc poly- 
morphonuclears. These are then 
replaced by small round cells 
which have the appearance of 
lymphocytes, but when stained 
with silver they are seen to be 
microglia. Only the naked nuclei 
are stained in a hematoxylin and 
eosin preparation, but the silver 
brings out all the characteristic 
processes of the microglia cell. 

There is an enormous prolifer- 
ation of microglia at an early 
stage of the disease; many of the 
cells lose their i)roccsscs and be- 
come converted into ncurono- 
phages (see below). The astro- 
cytes do not proliferate in the acute stage, but form the subse- 
quent scar. 

The degenerative lesions chiefly affect the motor cells of the anterior 
horn of the spinal cord, although the cells of the posterior horn Clarke’s 
column and the posterior root ganglia may also suffer. Every degree 
of degeneration may be seen, from loss of Nissl’s granules (chromatol- 
ysis) and eccentricity of the nucleus to complete disappearance of the 
cell. (Fig, 442.) Not a single ganglion cell may be seen in the section. 
The process of cell death and disintegration may be incredibly rapid. 
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as can be seen in the experimental animal. This agrees with the 
suddenness and completeness of the paralysis. The dead cells may 
be surrounded and invaded by phagocytes, a process known as neu- 
ronophagia. Most of the neuronophages are Hortega cells (microglia), 
but some polymorphonuclears may be seen. Degenerative changes 
are never marked in the brain, although the inflammatory lesions may 
be severe. Intranuclear inclusions are present in degenerating nerve 
cells in the early stage, but not when the cell has become necrotic 
(Hurst) ; the material must be fixed in sublimate-formol and stained with 
Giemsa or eosin-methylene blue. 

The end-result, seen when the cord is examined long after the acute 
illness, is atrophy of the anterior horn on one or both sides. The nerve 
cells are replaced by astrocytes, and there is well-marked gliosis and 
fibrillar formation. The motor fibers arising from the destroyed cells 
disappear, as can be seen in sections stained with Weigert’s myelin 
sheath stain. The paralyzed muscles show atrophy, fatty infiltration, 
and replacement by connective tissue. 

The Relation of Symptoms to Lesions.— There is little or no opportunity 
for autopsy examination in the preparalytic stage, but observations on the 
experimental animal suggest that the so-called meningeal irritation (stiffness 
of the neck, irritability) is not due to inflammatory changes in the meninges, 
in spite of the fact that the cell count in the spinal fluid is liighest at this stage. 
The initial ** systemic” symptoms, such as fever, drowsiness, anxiety, heightened 
sensibility to pain, headache, and vomiting, may be explained by involvement 
of the thalamus and hypothalamus. The pain is f)robably due to lesions in 
the posterior root ganglia and in the posterior roots themselves. The paralysis 
is easily explained by the destruction of the motor cells in the anterior horn. 
Groups of motor cells may be picked out while neighboring groups arc spared, 
and the lesions may be much more marked in the anterior horn on one side or 
may be confined to that side. This serves to explain the fact that the paralysis 
may be confined to one limb or even to one muscle or group of muscles. Facial 
nerve palsy and paralysis of other cranial nerves are due to lesions in the 
brain stem. Difficulty in swallowing with regurgitation of fluids through the 
nose (paralysis of the palate), respiratory failure (to which death is usually 
due), and other signs of bulbar paralysis are caused by lesions in the medulla. 

Cerebrospinal Pluid.— The cerebrospinal fluid shows changes resembling 
those of epidemic encephalitis and tuberculous meningitis, but with certain 
differences. The fluid is clear or slightly opalescent, and occasionally a fine 
web may form, such as is seen in tuberculous meningitis but which never 
occurs in encephalitis. In the prcparalytic stage the cells are high and the 
globulin low. As the disease progresses the cells fall and the globulin rises. 
In the Winnipeg epidemic of 1928, 80 per cent of the cases had a cell count 
between 10 and 200. The cells are mainly lymphocytes, but in the earlier 
stages there may be over 50 per cent polymorphonuclears. The sugar and 
chlorides are unchanged. In the Winnipeg cases a mid-zone reaction with tlie 
colloidal gold test was common. 

Theiler’s Disease.— In 1938 Theiler described a form of spontaneous 
encephalomyelitis in mice due to a virus. The disease is of interest because 
it bears a striking resemblance to human poliomyelitis (it has been called 
* 'poliomyelitis of mice”), and because the virus is found in the intestine of 
normal mice. An analogy may be drawn between these facts and the theory 
that poliomyelitis is primarily an intestinal infection. 
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Encephalitis.— Inflammation of the brain may be bacterial or viral. 
Bacteria cause a suppurative encephalitis in the form of small abscesses 
scattered throughout the brain, which may be microscopic or visible 
to the naked eye. This occurs in pyemia due to various pyogenic 
bacteria, and in bacterial endocarditis, where the lesions are often 
microscopic. Such conditions are terminal, and therefore not of great 
clinical interest. 

Virus encephalitis constitutes a group of diseases, some of which are 
epidemic. In some the lesions represent a non-suppurative inflamma- 
tion characterized by perivascular collections of macrophages, lympho- 
cytes and plasma cells with accompanying degeneration of nerve 
cells. In others, particularly the postinfectious types, demyelination 
is the outstanding feature. The principal examples of virus encephalitis 
are: (1) type A encephalitis (von Economo), (2) type B encephalitis 
(St. Louis), (3) equine encephalomyelitis, and (4) acute disseminated 
encephalomyelitis. 

Type A Encephalitis. — This is also known as epidemic encephalitis 
and encephalitis lethargica. Other forms of encephalitis may be 
epidemic and associjited with lethargy, and as this type was first 
described by von Economo in Vienna in 1917, it is often known by 
his name. It appeared like a bolt from the blue in 1917, spread all 
over the worid in pandemic form, returned more than once to a locality, 
and then vanished. Fresh cases are very seldom seen now. On general 
grounds it must be assumed that the disease is due to a virus, but this 
has never been proved. 

Symptoms.— To attempt to give an adequate account of the symptomatology 
of epidemic encephalitis would be ludicrous in a textbook of pathology, for 
almost every known neurological symptom may be produced. Moreover the 
epidemic gradually changed its clinical manifestations. Winnipeg was visited 
by two epidemics, the first in the winter 1919-1920, the second at the begin- 
ning of 1923. In the first epidemic the patient was dull, lethargic, somnolent, 
and showed oculomotor disturbances. He would lie like a log in bed with 
drooping lids or closed eyes, the lines of expression all ironed out, sunk in a 
stupor which no external stimuli could penetrate, the flash and speed of the 
mind gone, the dim rushlight of reason hardly flickering. In the second epi- 
demic the picture had changed completely. Body and mind were now keyed 
to full activity. The muscles were in a state of constant movement, which 
was paralleled by a condition of mental excitement. Words came in a tor- 
rent, rationally at first, but drifting away into delirium. Occupation formed 
the main topic of conversation: the teacher was continually teaching, the 
merchant was casting up accounts, the builder planning new houses. The 
first picture was akinetic, the second hyperkinetic. It must be noted, how- 
ever, that more than one-half the 1923 cases developed lethargy and somnolence 
sooner or later. 

In addition to fever and somnolence, oculomotor palsies are extremely 
commv)n, causing diplopia, strabismus, and ptosis. The hyperkinesia mani- 
fests itself by every variety of choreiform and athetoid movement, as well as 
clonic spasm of various kinds. Rigidity, a '^muscle-bound'' condition, is 
present in the acute stage, but is far more pronounced in chronic encephalitis, 
giving the well-known condition of Parkinsonism or postencephalitic paralysis 
agitans, with its mask-like face, stoop, flexed arms and wrists, and mincing 
steps. Some 20 per cent of the cases developed some degree of Parkinsonism, 
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Other postencephalitic conditions which may be mentioned are narcolepsy 
and oculo^ric crises (sudden attacks in which the eyes are fixed in a con- 
jugate position). Among the most distressing of the sequelae in children are 
profound emotional and moral disturbances, with disintegration of the mind 
and character. 

Lesions.— The gross appearance of the brain is not characteristic. 
Microscopically the chief lesion is the familiar perivascular collars of 
chronic inflammatory cells. (Fig. 443.) In contrast to poliomyelitis 
there are no polymorphonuclears, no inflammatory foci, no areas of 
necrosis. Congestion is marked, and small hemorrhages are frequent. 
The lesions are most numerous in the periaqueductal region of the 
mid-brain, but they are also marked in the basal ganglia, pons and 



Fig. 443. — Epidemic encephalitis. Collar of cells around inflamed vessel in floor of 
fourth ventricle. The cells are in the true perivascular space. X 200. 

medulla. The cerebral and cerebellar cortex are not affected. Degen- 
eration and disappearance of the pigmented cells of the substantia 
nigra in the mid-brain is a striking feature in the chronic stage, and 
there is also cellular degeneration in the globus pallidus. These struc- 
tures are stations on the extrapyramidal tract, the primitive motor 
pathway, and the lesions serve to explain the motor helplessness and 
rigidity. 

The cerebrospinal fluid shows no characteristic changes except that 
the sugar content tends to be high, due to an accompanying hyper- 
glycemia. 

Type B EncephaJitis.— During the fall of 1933, an epidemic of encephalitis 
broke out in St. Louis and the surrounding district, which has been called 
encephalitis B. There was a recurrence in 1937. While resembling lethargic 
encephalitis, it appears to be more closely related to an epidemic reported 
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from Japan in 1924. Indeed, it is identical with the latter clinically and 
pathologically, although it reacts differently serologically. The disease differs 
from the lethargic forms in the following respects. Somnolence is uncommon, 
convulsions are frequent, there is a remarkable absence of the usual oculo- 
motor palsies (ptosis, strabismus, diplopia), there are no sequel®, the lesions 
are at higher levels (frequently in the cerebrum), there is no special localiza- 
tion in the mid-brain. Monkeys and mice are successfully infected by intra- 
cerebral inoculation of brain tissue and also by the intranasal route. The 
St. Louis convalescent serum protects these animals against the St. Louis 
virus, but not against the virus from the Japanese cases. The diseases is-prob- 
ably transmitted by mosquitoes. 

Equine Encephalomyelitis. —Horses suffer a fatal form of encephalo- 
myelitis, a virus disease which appears in epidemic form. In 1938 there 
was a widespread epidemic of this disease in the United States and 
Canada. In a number of instances persons, particularly children, fell 
ill on farms where there were sick horses, and in fatal cases the same 
virus was found in the human patient and the horse. The human 
disease runs a very severe clinical course, with a fairly high cell count 
in the cerebrospinal fluid. In the late summer and during the autumn 
of 1941 over 1000 cases occurred in Manitoba and Saskatchewan due to 
so-called Western strain of virus, and 1080 cases in North Dakota. 
At autopsy the picture is that of an acute disseminated encephalo- 
myelitis with intense congestion, perivascular collections of polymor- 
phonuclears, and in places an acute arteritis. In addition there is 
neuronal degeneration and areas of actual necrosis. The lesions are 
widely distributed throughout the cortex, basal ganglia, pons, medulla, 
and cervical cord. The polymorphonuclear exudate is reflected in the 
cerebrospinal fluid, which show^s a high cell count in which from 60 to 
90 per cent of the cells may be polymorphonuclears. 

The disease is readily transmissible to mice by intracerebral injec- 
tion of brain tissue. Human infection is probably due to mosquitoes, 
but this has not been proved. Specific antibodies are found in the 
blood of domestic birds and mammals during an epidemic. Chickens 
and pigeons seem to serve as a reservoir of the infection. The virus 
can he transmitted to these birds not only by mosquitoes but also by 
ticks. The latter vector can pass on the virus to their offspring for 
innumerable generations. The evidence is conclusive that this is a 
virus disease; this is not true of the lethargic form of encephalitis. 

There are two varieties of the disease, known as Eastern and Western. 
The Eastern form, prevalent in the Atlantic states, is the more virulent. 
Horses can be protected by a vaccine of virus grown on chick-embryo. 

Acute Disseminated Encephalomyelitis.— The very occasional devel- 
opment of encephalitis as a result of one of the infective fevers has 
long been recognized. During recent years there has been a marked 
increase in the number of cases of acute and widespread involvement 
of the central nervous system either following some febrile disorder 
or occurring spontaneously. As these cases all have a similar if not 
common pathology, characterized by scattered patches of perivascular 
demyelinization associated wdth an inflammatory reaction, they may 
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conveniently be considered under the heading of acute disseminated 
encephalomyelitis. Three main types may be distinguished: (1) post- 
vaccinal encephalitis, (2) encephalitis following infectious fevers, and 
(3) spontaneous encephalomyelitis. 

Postvaccinal encephalitis has come into prominence since 1922, par- 
ticularly in England and Holland. It is the most dangerous form of 
disseminated encephalomyelitis, with a mortality of from 25 to 50 per 
cent. The incidence in England is 1 in 50,0(X) vaccinations, while in 
Holland it is 1 in 5000. The onset, usually about the eleven tli day 
after vaccination, is acute and the course rapid, with fever, vomiting, 
headache, squint, and sometimes upper motor neurone paralysis. It is 
possible that the vaccine virus is not directly responsible for the enceph- 
alitis, but may activate a virus lying dormant in the body. This is 
not so far-fetched as it sounds, for it is known that 80 per cent of normal 
guinea-pigs harbor a virus in the salivary glands, which when injected 
into the brain produces a fatal encephalitis (Cole and Kiittner). 

Encephalitis following fevers is most often a sequel to measles. More 
rarely it follows other virus diseases such as mumps, chicken-i)ox, and 
whooping cough. Post-measles encephalomyelitis may be more of a 
myelitis than an encephalitis. The characteristic symptoms are 
paraplegia, first flaccid and later spastic, incomplete or dissociated 
anesthesia, and loss of sphincter control. Fortunately these symptoms 
are usually only temporary. 

Spontaneous encephalomyelitis is another disease of the central 
nervous system which has become considerably more common in recent 
years. It is often mistaken for epidemic encephalitis, but the prognosis 
is very much better, for recovery is the rule and serious sequehe are 
quite uncommon. In adults the clinical picture suggests a myelitis, 
while in children it is more a meningoencephalitis. In the cerebral 
form there are syTnptoms of rneningt»al irritation, convulsions, or 
hemiplegia. Even with marked meningeal symptoms the cerebrospinal 
fluid is often normal, but the cell count may be increased. The spinal 
symptoms arc pain and paresthesias in the h'gs, weakness and e\x‘n 
temporary paralysis of the legs, with loss of the dexp reflex(‘s but a 
positive Babinski sign. Nystagmus is common, but diplopia, so char- 
acteristic of epidemic encephalitis, is very rare and the cranial nerves 
usually escape. 

Lesions. — In all forms of acute disseminated encephalomyelitis the 
essential lesion is p(Tivas(;ular demyedinization. (Fig. 444.) The lesions 
are scattered in patchy form through the gray and white matter of the 
brain and cord. They are most marked in the pons, medulla, and the 
lumbar region of the cord, in contrast to the lesions of ei)idemic enceph- 
alitis which are most numerous in the mid-brain. The dernyeliniza- 
tion is best seen when the tissue is stained with iron hematoxy lin or 
Weigert's myelin stain, the lesions standing out as pale patches on a 
black background. These lesions are very similar to those of dis- 
seminated sclerosis, but the removal of the myelin is extraordinarily 
rapid. Perivascular inflammatory cells are also present and these cells 
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may form a broad zone outside the adventitia extending for some 
distance into the brain substance, quite unlike the compact collars of 
cells seen in epidemic encephalitis. The pale areas may contain many 
scavenger cells (compound granular corpuscles) derived from the 
microglia. 

Wenucke’s Disease. — This rare condition, known also as acute superior kem- 
orrhagic polioencephalitis, is marked clini(;ally by paralysis of the eye muscles, 
stupor or excitement, and usually death within a few days. The lesions 
are curiously restricted. The corpora mammillaria are constantly affected; 
in addition there may be lesions in the hypothalamus, thalamus, and peri- 
aqueductal gray matter. The gross lesions are congestion and hemorrhage. 
Microscopically there is chromatolysis of ganglion cells, hemorrhage, and 
glial proliferation, but no true in- 
flammation. The condition pres- 
ents a clear cut pathological entity, 
but one which is easily overlooked 
at autopsy unless borne in mind. 

The hemorrhagic lesions in the 
walls of the third ventricle and 
aqueduct and the floor of the 
fourth ventricle are well ])rought 
out by Pickworth\s benzidine stain, 
as is beautifully shown in Campbell 
and Biggart’s paper. When Wer- 
nicke originally (iescribed the con- 
dition in 1881 he ascribed it to 
alcoholism, but it is now belicivcd to 
be a deficiency disease, because 
similar lesions can be produced 
experimentally by vitamin Hi de- 
ficiency. 

LeadEncephalitis. Inthechronic 
lead poisoning of children (see Chap- 
ter XIII), one of the most dreaded complications is lead encephalitis. This 
differs from other varieties of encephalitis in that it takes the form of an 
extreme cerebral edema caused by the presence of lead in the brain. A similar 
condition can be produced cxx)erimentally in animals by the continued admin- 
istration of small (piantities of lead. The brain is remarkably swollen, the 
cerebral convolutions are flattened, the ventricles are compicssed, and the 
medulla is pressed down into the spinal canal. The cerebrospinal fluid pres- 
sure may be 700 mm. of water as compared with the normal pressure of 1 20 mm. 

Rabies. — Rabies or hydrophobia is an acute inflammatory disease of 
the ner\"ous system, which is transmitted to man by the bite of a rabid 
animal, iisiiaily a dog, sometimes a wolf. It is caused by a filter- 
passing virus, and it has already been considered in connection with 
virus diseases in C^hapter VII. In this ydace it is sufficient to recall 
that the virus passes along the axis cylinders of the iK'rves to reach 
the central nervous system, in this respect resembling the virus of 
poliomyelitis and herpes simplex. The characteristic cytoplasmic 
inclusion bodies (Negri bodies) are found in the nerve cells of the 
Hippocampus major, medulla and cerebellum. 

Herpes.— Like rabies, poliomyelitis, and probably epidemic enceph- 
alitis, herpes is a disease caused by one of the filter-passing viruses. 
It is characterized by the formation of small v’esicles. here are two 



Fig. 444. Po.st-vjiccinal cncopluilomyolitis; 
myoliii sheatfi slain. X 7. 
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distinct forms: (1) herpes zoster or shingles in which the vesicles fol- 
low the distribution of a sensory nerve, and (2) herpes simplex in 
which there is no such distribution. An attack of the former is fol- 
lowed by lasting immunity, but in the case of the latter there is no 
immunity. They are caused by entirely different viruses. 

Herpes Zoster.— This is an inflammatory condition of the posterior 
root ganglia or the Gasserian ganglion. It is the sensory analogue of 
poliomyelitis; the type of lesions in the nervous system and the condi- 
tion of the cerebrospinal fluid is the same in the two diseases. Usu- 
ally only one ganglion is involved, most often in the dorsal region. 
The eruption is always unilateral, running in a zone (zoster) as far 
as the middle line, and is preceded by neuralgic pains, which in old 
people may be very persistent and severe. The vesicles begin as 
papules, and may leave some scarring. The lesions in the ganglia are 
similar to those in the anterior horn in poliomyelitis, i. e,, congestion, 
hemorrhage, perivascular collections of lymphocytes, and degeneration 
of ganglion cells with neuronophagia. There is Wallerian degeneration 
of the nerve fibers in the posterior roots, in the peripheral nerves, and 
in the posterior columns. 

Herpes Simplex.— This is the common form of herpes which may 
complicate pneumonia and other fevers (herpes febrilis). It usually 
occurs on the lips (herpes labialis), but may be on the cornea or external 
genitals. It differs from herpes zoster in being recurrent, not following 
the line of nerves, and causing no change in the cerebrospinal fluid. 
When the virus of herpes simplex is inoculated into the ^*ornea of a 
rabbit it sets up a fatal encephalitis. In whichever part of the body the 
virus is inoculated, it passes along the axis cylinders until it reaches 
the central nervous system, where its presence can be detected by the 
appearance of the I^ipschutz bodies which have already been described 
in Chapter VII. '^I'hese bodies are found in the epithelial cells at the 
site of inoculation (skin, cornea), as well as in the nerve cells. The 
lesion in man is inflammation of a sensory nerve ganglion. 

Louping HI. —Although this is a virus disease of sheep, it may be considered 
here because of the interest of its lesions. As the Scotch name indicates, it is 
characterized by progressive incoordination and cerebellar ataxia. The 
disease can be reproduced both in the mouse and monkey. In the monkey 
there is a diffuse encephalomyelitis, but the principal lesion is a massive 
destruction and astonishing disappearance of the Purkinje cells of the cere- 
bellum. The virus has the same strange selective action on these cells as the 
virus of poliomyelitis has on the motor cells of the anterior horn of the spinal 
cord. Laboratory workers in contact with the virus are said to have developed 
mild infections. 

Myelitis.— Acute inflammation of the spinal cord is rather rare. It 
may be traumatic, due to injury of the spine, or infective, due to septic 
embolism, to the infective fevers, or to syphilis. The syphilitic form is 
discussed in connection with syphilis of the nervous system. There is 
usually complete paralysis below the site of the lesion. This is usually 
in the lumbar region, so that the legs show a flaccid lower motor neurone 
paralysis with loss of deep reflexes and loss of sphincter control. There 
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may be anesthesia below the lesion and hyperesthesia at the level of 
the lesion. If the lesion is in the cervical region both arms and legs 
will be paralyzed, but while the arms show a lower motor neurone 
paralysis, the legs develop an upper motor neurone type of paralysis, 
as the lower neurones remain intact. 

Lesions. — The inflammation is usually confined to one or at the most a 
few segments of the cord; this is called transverse myelitis^ because the 
entire thickness of the cord is involved. Occasionally the inflammation 
may be diffused throughout the cord; this is disseminated myelitis. 
The affected part is soft and flattened, the distinction between gray 
and white matter is lost, and liquefaction may occur. Microscopically 
there is great destruction of nerve cells and nerve fiberSj^ of gray and 
white matter. Among the debris are large numbers of scavenger cells 
derived from the microglia. Perivascular collections of inflammatory 
cells are present in the surrounding tissue. The degeneration of the 
nerve fibers can be demonstrated in early cases by Marchi’s method 
and in old cases by the Weigert myelin sheath stain. 

Landry’s Paralysis. — This very rare disease is an acute ascending paralysis, 
in which first the legs, then the arms, and finally the intercostal muscles and 
diaphragm are paralyzed, with death from respiratory failure. Sometimes the 
paralysis is descending instead of ascending. The pathological changes are 
remarkably slight, for death usually occurs in three or four days. There is 
degeneration of the motor cells of the spinal cord and breaking up of the medul- 
lary sheaths of the corresponding nerve fibers. There are no perivascular collars 
of cells. The mode of progression suggests a virus disease. 

SYPHILIS OF THE NERVOUS SYSTEM 

Syphilitic infection of the nervous system is frequent and early. 
The cerebrospinal fluid, that delicate mirror in which are reflected so 
many of the pathological changes which occur in the brain and spinal 
cord, shows that infection is common in the second stage and may even 
occur in the primary stage. But to say that syphilitic disease of the 
nervous system is common is quite another matter. The production 
of a tissue immunity seems to protect the nervous tissues. It has 
been suggested that syphilis of the nervous system is due to a particular 
neuro tropic strain of spirochete, in contrast to the ordinary strains 
which are epitheliotropic. The fact that a number of men infected 
from the same woman have developed brain lesions tends to support 
this idea, but the foundation on which it is based cannot be regarded 
as firm. 

The disease may take a number of forms, which may be divided 
into lesions of the interstitial and the parenchymatous tissues. The 
first is called neurosyphilis or cerebrospinal syphilis. It affects the 
meninges, the bloodvessels, and the perivascular extensions of the 
meninges, and may be divided into a localized form, the gumma, and a 
diffuse form known as meningoencephalitis or meningomyelitis. The 
parenchymatous structures (the neurones) may be affected chiefly 
in the brain, giving general paresis, or in the cord giving tabes dorsalis. 
These four types will be considered separately. 
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]. Gumma.— A gumma of the brain is not common at the present 
day, and it is much less common in the cord. As it is a lesion of the 
meninges it occurs at the surface, usually over the vertex. When it 
is situated in the substance of the brain it arises from the perivascular 
extensions of the pia-arachnoid. It is firm, gray in color, and may 
become as large as a tangerine orange. It produces the symptoms of 
an intracranial tumor. The microscopic picture is the usual syphilitic 
one, i. c., a central area of necrosis surrounded by lymphocytes, plasma 
cells, and macrophages. 

2. Syphilitic Meningoencephalitis.— Here there is a diffuse lesion of 
the meninges, but the superficial layers of the brain are also involved 
to a varying, degree. The meningeal exudate is usually most marked 
at the base of the brain, forming a milky exudate in the interpeduncular 
space, or the whole hemisphere or cord may he covered by a thick 
sheath. The cranial nervTs in the region of the iiiteriieduncidar space 
are often involved, particularly the third, fourth, and sixth, so that 
ptosis, strabismus, and diplopia are common. '^Fhesc symptoms are 
often characteristically fleeting. There may be optic neuritis and 
dimness of vision. Microscopically the cells of the exudate are lympho- 
cytes with a few’ plasma cells, and it may be impossible to be sure that 
the condition is syphilitic unless areas of gummatous formation are 
present. The perivascular sheaths are also filled with a similar exu- 
date, and it is these which constitute the encephalitis. Syphilific 
myelitis is a much more distinct entity than syphilitic encephalitis, 
and is indeed the commonest form of myelitis. It is of the transverse 
type, limited to a few’ segments. Thrombosis of the diseased vessels 
is probably a major etiological factor, as a result of w’hic*h there is 
softening of the cord and marked destruction of nerve cells and fibers. 
Syphilitic arteritis is a marked feature of all tlie lesions. The adventitia 
is infiltrated with round cells and the intima is uniformly thickened. 
The result of this endarteritis obliterans is to produce great narrow ing 
or actual closure of the lumen, which leads naturally to thrombosis. 
Aneurism formation is not a result of cerebral syphilis, for the diffuse 
thickening does not weaken the vessel as do the patchy lesions of 
syphilitic aortitis. There may be a gummatous process around the 
vessel, a gummatous arteritis. 

Cerebrospinal Fluid.— In acute syphilitic meningitis the reaction is severe 
and there is often a lymphocytosis of 500 or more. This high cell count is 
very suggestive of syphilitic meningitis. The protein content is liigh, the 
Wasserrnann reaction is positive, and the colloidal gold curve may be of the 
paretic or mid-zone types. A gimima causes much slighter changes, the 
Wasserrnann and colloidal gold reactions arc weak or negative, and the lyrn- 
phyocytosis and protein increase are slight. If the lesions are chiefly vascular, 
the fluid may be practically normal. 

3. Tabes Dorsalis.— Tabes dorsalis or locomotor ataxia is a syphilitic 
disease of the cord, a late manifestation usually coming on from ten 
to fifteen years after the primary infection, although the interval may 
occasionally be as short as two years. The indirect evidence that the 
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disease is syphilitic is conclusive, but spirochetes have very seldom 
indeed been found in the cord, nerve roots or ganglia, and the lesions 
bear no resemblance to the ordinary changes produced by syphilis. 

Symptoms. -“The symptoms may be divided into the following groups: 
(1) sensory disorders, (2) disorders of coordination, (3) disorders of the reflexes, 
(4) disorders of the cranial nerves, (5) visceral crises, and (fl) trophic disorders. 
These will be considered in detail in discussing the relation of the lesions to 
the symptoms, but it may be said in outline that the chief features are severe 
pains in the legs, paresthesias, loss of muscle sense, loss of the power of mus- 
cular coordination, loss of the deep reflexes and the reaction of the pupil to 
light, optic atrophy, attacks of abdominal pain and vomiting, and painless 
destructive lesiorus of the skin and joints. 



J'’ia. 445. — Tabes dorsalis: degeneration of posterior (‘olumns. (Weigert’s myelin 

sheath stain.) 


' Lesions.— As already stated, the essential lesion in tabes is not a 
characteristic syj)hilitic one, although in early cases (which are seldom 
seen at autopsy) there is said to be syphilitic inflammation of the 
meninges, 'rhe true tabetic lesion is a degeneration and disappearance 
of the posterior columns of the cord and their replacement by neuroglial 
tissue, '^rhis lesion can be recognized with the naked eye. The pia 
over the dorsal columns is thickened and adherent. The surface of 
these columns is no longer convex, but flattened or concave, and on 
the cut surface they are gray and transluc’ent so that they stand out 
clearly from the rest of the white matter. It is the wasting of the 
dorsal columns which gives the disease its name (tabes, wasting). 
The posterior nerve roots are atrophied and shrivelled in comparison 
with the plump anterior roots, but this distinction is not so easy to 
recognize. 

The microscopic change is seen in sections stained with Weigert’s 
myelin sheath stain or the simpler iron hematoxylin. The normal 
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white matter is stained black, but the degenerated posterior columns 
remain unstained. (Fig. 445.) The lesions are usually most marked 
in the lumbar region, but in the so-called cervical tabes they are 
confined to the cervical region. The first change is a demyeliniza- 
tion, and droplets of myelin can be demonstrated by the Marchi 
method or Scharlach R. The axis cylinders become disintegrated, 
and in time the whole of the medullary sheath disappears. There is 
proliferation of astrocytes and a replacement gliosis. It is only the 
exogenous fibers of the posterior columns which degenerate, i. 6., 
those which enter the cord in the posterior nerve roots and whose cells 
of origin are in the posterior root ganglia. The short endogenous 
fibers, which arise from cells in the cord and pass up or down for two 
or three segments, remain unaffected. The long fibers pass up the 
cord to end in the nucleus gracilis and nucleus cuneatus in the medulla, 
and those which enter in the lumbar region are continually displaced 
to the middle line by fibers entering higher up. It follows that if the 
disease is confined to the lumbar afferent fibers, only the column of 
Goll in the cervical region will be degenerated, whereas if all the afferent 
fibers are affected there will be lesions of the column of Burdach as 
W'ell. 

(Certain lesions are found outside the cord. The posterior nerve 
roots show the same degeneration and atrophy as do the dorsal columns. 
Degenerative changes have been described in the cells of the posterior 
root ganglia, but these are inconstant and must be regarded as secon- 
dary. When optic atrophy is present the fibers of the optic nerve are 
found to be degenerated. 

The pathogenesis of tabes is a question of singular difficulty. Countless 
theories have sprung up, only to be cut down like grass as the result of further 
investigation. A primary syphilitic lesion of the posterior root ganglia with 
secondary degeneration of the afferent fibers would explain everything, but 
there is no such lesion. The popular theory at present is that of Richter to 
the effect that the spirochetes invade the posterior nerve roots and there cause 
the formation of a specific granulation tissue which slowly strangles the nerve 
fibers. Unfortunately for this theory it has been shoAvn by Ruby Stern that 
this so-called granulation tissue is merely collections of arachnoid cells, and 
that they are found in many conditions other than tabes. She suggests that 
the syphilitic focus responsible for tabes may lie outside the central nervous 
system, possibly in the adventitia of the aorta, and that the syphilitic toxin 
passes along the afferent nerves (in the perineural lymphatics or the axis 
cylinders), leading to degeneration of the ascending fibers in the cord. Many 
years ago Orr and Rows showed that when celloidin capsules containing 
bacteria were placed in contact with afferent nerves, the toxins passed along 
the perineural lymphatics to the cord where they produced degeneration of 
the posterior columns indistinguishable from that of tabes dorsalis. 

The Relation of Ssrmptoms to Lesions.— iSensony disturbances include par- 
esthesias, pain, and loss of muscle and vibration sense. The patient feels 
as if he were walking on something soft like cotton wool. ^‘Lightning pains” 
of extreme severity shoot down the legs. The first effect of the lesion seems 
to be to set up violent impulses in the pain sensibility fibers and in the poste- 
rior nerve roots. There is also objective disturbance of pain sensibility in the 
shape of analgesia of the back and legs, so that the pain of lumbar puncture 
is not felt. The pain fibers end at once in the posterior horn of gray matter, 
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and the second relay of fibers does not pass up in the posterior columns, from 
which it is evident that the interference must be in the posterior roots, not 
in the spinal cord. There is loss of muscle sense or sense of position, so that 
when the eyes are shut the position of the foot is unknown, and the patient 
sways when standing (Rombergism). The vibration sense is lost, so that he 
cannot feel the vibration of a tuning-fork placed on the shin. As both muscle 
sense and vibration sense impulses pass up in the posterior columns, it is 
natural that they should be lost. 

Incoordination is due to interference with the muscle sense. As the patient 
is not sure of the position of his feet, he walks unsteadily and with a_^wide 
base (locomotor ataxia), lifting his feet high and throwing them down forcibly 
(stamping gait). Loss of deep reflexes in the legs is due to interference with 
the short fibers which anastomose directly around the cells of the anterior 
horn. The reflex arc is thus broken and the deep reflexes lost. The knee- 
jerk depends on the integrity of the third and fourth lumbar segments, and 
the Achilles jerk on the fifth lumbar and first sacral. In very low lesions the 
knee-jerk is preserved but the Achilles jerk is lost. The light reflex in the 
pupil is commonly lost, though contraction on accommodation is retained 
(Argyll-Robertson pupil). The nerve center for the pupillary reflex is the 
oculomotor nucleus in the mid-brain, but the lesion is in the subependymal 
region of the aqueduct of Sylvius. In optic atrophy the optic nerve shows the 
same kind of lesion as the posterior nerve roots, but the way in which the 
lesion is produced is uncertain. The visceral crises arc severe paroxysms of 
pain referred to various viscera (gastric, laryngeal, etc.). The cause is not 
known. The trophic disturbances arc the most difficult to explain. 'The best 
known are Charcot^s joint (a painless disorganization of one of the large joints), 
and the painless perforating ulcer of the foot. Possibly the analgesia which 
allows the parts to be scvei-ely traumatized may be more responsible than any 
loss of trophic nerve impulses. 

Cerebrospinal Fluid.— There is a lymphocytosis of from 10 to 50. In tabetic 
crises, possibly attended by meningeal irritation, there may be hundreds of 
cells with many polymorphonuclears. The protein is slightly increased. The 
colloidal gold curve is of the luetic type. The Wassermann reaction is positive 
in about 70 per cent of cases. In an old case of many years^ duration the 
fluid may be practically normal. 

4. General Paresis.- TWih disease, also known as general paralysis 
of the insane and dementia paralytica, is the most fearful of all the 
results of syphilitic infection, although with modern treatment the 
prognosis is not nearly so hopeless as it used to be. The lesions are 
the direct result of the action of the spirochetes, for the latter can be 
demonstrated in the cerebral cortex. Other accessory factors are 
needed as well as infection with lues, although what these are we can 
only vaguely indicate by such phrases as “civilization and syphiliza- 
tion,” “excess in venere et baccliof^ etc. Those who lead a restless, 
agitated, and dissolute life are in danger. The symptoms appear from 
ten to fifteen years after the primary infection. Similarly the juvenile 
form due to congenital syphilis appears about the age of ten years. 

Symptoms. —The name dementia paralytica describes the disease fairly well, 
because there is a general motor weakness, and if left to itself the condition 
progresses remorselessly to complete dementia. The mental disorder first 
affects the faculties of judgment, reason, self-control, and there is an accom- 
panying loss of moral sense. As Oppenheim says, the work of deterioration 
begins first in the higher life of the mind and soul. As the dementia increases, 
the mental structure crumbles to the ground. Delusions of grandeur lead 
58 
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to a remarkable euphoria which contrasts strangely with the sad reality. 
The last stage is one of complete dementia. Tremors of the face, lips, and 
tongue are common. The speech is thick and characteristically slurring. 
The pupillary reflex is of the Argyll-Robertson type, with loss of reaction to 
light, but not to accommodation. Peculiar epileptiform or apoplectiform 
seizures (“paralytic seizures”) may occur in which loss of consciousness may 
be followed by transient monoplegia or hemiplegia. Weakness of the muscles 
(paresis) is a constant feature of the disease, but never absolute paralysis. 


Lesions.— The skull cap is thick, and there may be subdural hemor- 
rhage with the formation of a thick membrane (pach^ineningitis 
haemorrhagica). The brain is small, with marked atrophy in the 

fronto-parietal region. The con- 
volutions are wasted, the sulci 
widened, and there is a great com- 
pensatory excess of (cerebrospinal 
fluid. The pia is thickened and 
adherent over the frontal lobe, so 
that when it is stripped off there 
is tearing or “decortication” of 
the surfa(*e. The lateral ventri- 
cles show a compensatory dilata- 
t** tion. The floor of the fourth 

.. • ventricle is finely granular, giving 

it a frosted appearance, and the 
lateral ventricles may show the 
same condition to a lesser degree. 

The inirrcmopic picture is a 
mixture of syphilituc inflamination 
and tissue downfall. The meninges 
are densely infiltrated with lympho- 
cytes and plasma cells. (1) "l^'lic 
injlammatory lesions, whicli are 
most marked in the ce/ebral 
cortex and the floor of the fourth ventricle, consist of dense peri- 
vascular collections of lymphocytes and plasma cells, the latter 
being especially numerous and characteristic. (Fig. 440.) These 
lesions are found throughout the entire thickness of the cortex. Then^ 
may also be a diffuse infiltration of inflammatory cells. These lesions 
are to be attributed to the irritation produced by the spirochetes. 

(2) The degenerative lesions are quite as marked, but the\' are more 
difficult to recognize unless one happens to be an expert neuropatholo- 
gist. The general architecture of the cortex is completely lost, and 
the different layers can no longer be made out. There is a great 
outfall of cells, especially in the frontal and parietal regions. Most 
of the pyramidal cells may have disappeared. Those which remain show 
every degree of degeneration. The mechanism of this destruction is 
not at all obvious, for there is none of the gummatous destruction of 
the ordinary syphilitic process, 'f'he tangential association fibers suffer 



Fig. 446. — Perivascular cuffing in general 
paresis. X ^^6. 
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greatly, as can be seen in Weigert preparations, and the pyramidal 
projection fibers also suffer owing to destruction of the large motor cells. 



Fio. 447.- Granular floor of fourth ventricle in general paresis. The ependyma is 
(lesciuanialed from tlie mounds of neuroKlia. X 175. 


(3) Neuroglial proliferation is marked, csi>ec*ially in the superficial 
laver of the cortex and in the walls and lloor of the ventricles. The 


astrocytes multiply and form a 
dense feltwork of fibers. These 
are responsible for the pial adhe- 
sions and the decortication. In 
the floor of the fourth ventricle 
the glial proliferation causes an 
irregular heaping up of the floor. 
(Fig. 447.) This is the cause of 
the granularity already described. 
The granulations are covered by 
ependyma, but some of the sum- 
mits may be bare. The microglia 
also proliferates, giving rise to 
large numbers of “rod cells (Fig. 
448) which form an intermediary 
stage between the microglia cell 
and the compound granular cor- 
puscle. In sections of cerebral 
and cerebellar cortex and of basal 
ganglia the Prussian blue reaction 
shows iron-containing pigment in 
the cytoplasm of these cells and 



Fiq. 448.— Rod cells. X 300. 


in perivascular spaces. The combination of the proliferation of “rod 
cells” and the presence of iron pigment in their cytoplasm is con- 
sidered by Stern to be pathognomonic of general paresis. 
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The spinal cord may show degenerative changes in the pyramidal 
tracts owing to destruction of the motor cortex. There is sometimes 
a combination of tabes and paresis (taboparesis), with degeneration 
of the posterior columns. The pathogenesis of the two conditions, 
as we have already seen, is probably entirely different. The inflam- 
matory lesions so characteristic of paresis are as notably absent in tabes. 

The Relation of Symptoms to Lesions.— The clinical features are so varied 
and the pathological lesions so complex that little can be hoped from an 
attempt to harmonize them. The mental deterioration is probably connected 
with the disappearance of the tangential association fibers, and the disintegra- 
tion of the frontal cortex is the basis of the final disintegration of the mind. 
The muscular weakness is due to degeneration of the motor nerve cells, and 
probably the tremors have a similar origin. The lesion causing the Argyll- 
Robertson pupil lies in the subependymal region of the aqueduct of Sylvius. 
The lesions responsible for the speech disturbance and the paralytic seizures 
are not known. 

Cerebrospinal Fluid. — The changes are more marked and constant than in 
tabes, but in the late stage of dementia they become much less striking. The 
cells number from 30 to 100, and polymorphonuclears are often present, 
especially during convulsive seizures. Plasma cells are highly characteristic, 
but can only be seen in celloidin sections made of the centrifuged coaguliim. 
The protein is increased. The Wassermann reaction is positive and intense in 
from 96 to 100 per cent of untreated cases. It may be positive in the fluid 
but negative in the blood, but only in late cases. The colloidal gold reaction 
gives a paretic curve. 


DISSEMINATED SCLEROSIS 

This condition, also known as multiple sclerosis, is a chronic disease 
of the nervous system, characterized by curious remissions and relapses, 
and by the presence of multiple patches of sclerosis scattered diffusely 
throughout the gray and white matter of the brain and spinal cord. 
The incidence varies greatly in different countries. It is commonest 
in Switzerland, quite common in England, France, and Germany, 
fairly common in Canada and the United States, rare in South America, 
and unknown in China and Japan. The cause is unknown, but is 
almf)st certainly an infection. The lesions are very similar to, indeed 
identical with, those of acute infectious encephalomyelitis, especially 
postvaccinal encephalitis, and it is more than possible that dissemi- 
nated sclerosis is also caused by a filter-passing virus. Spirochetes and 
other organisms have been described as the cause, but in none of these 
is there any real proof. The evidence of the lesions suggests a toxin 
acting on the tissues immediately around the bloodvessels. 

S3nnptoms.— The patient, usually between the age of fifteen and thirty-five 
years, suffers from a great variety of sensory and motor disturbances, many 
of which are curiously and characteristically fleeting. There are paresthesias 
of various kinds in the hands and feet, spastic paralysis of the upj)er motor 
neurone type with exaggerated deep reflexes and a positive Babinski sign, loss 
of the abdominal reflex, and transient disturbance of the organic reflexes. 
The well-known Charcot triad of nystagmus, intention tremor, and staccato 
speech are late manifestations of incoordination. The cranial nerves may be 
affected, causing sudden blindness, pallor of the temporal side of each optic 
disc, and oculomotor palsies. The patient is absurdly cheerful, considering 
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the progressive and incurable nature of his ailment. Although progressive, 
the most remarkable remissions often occur, during which most of the symp- 
toms may disappear. 

Lesions. — The lesions are scattered widely through the white matter 
of the brain and cord, and can be seen and felt in the fresh specimen 
as well-defined gray translucent patches. The lesions are very numer- 
ous in the brain, being especially well marked in the pons, medulla, and 
cerebellar peduncles. There are patches in the optic nerve and pptic 
chiasraa. In the cord the lesions are most mark^ in the lateral col- 
umns (pyramidal tracts), but they are also present in the posterior 
columns. 



Fits. 449. -Multiple sclerosis. There are irrcRiilar asymmetrical patches of degenera- 
tion in the posterior and lateral columns. (Weigert's myelin stain.) X S. 

The vdcroscopic picture varies with the stage of the disease. Dis- 
seminated sclerosis is an inflammation with subsequent dcmyeliniza- 
tion and gliosis, ^ilf the autopsy is done during the early stage, which 
is seldom possible, the medullary sheaths are found to be breaking up 
into droplets of myelin which can be stained with fat stains (osmic 
acid, Scharlach li), and the vessels are surrounded by collars of cells. 
Some of these cells are true inflammatory cells (lymphocytes and 
plasma cells), but others arc compound granular corpuscles filled with 
droplets of myelin. It would appear, therefore, that the condition is 
inflammatory in nature, with dcmyelinization as the chief result. 
The lesions are very similar to those of postvaccinal encephalitis, but 
in disseminated sclerosis the production of the lesions is a much more 
gradual process. In the culvanced stage, the stage usually seen at 
autopsy, there are multiple neuroglial scars surrounding the blood- 
vessels, chiefly in the white matter and to a lesser extent in the gray 
matter. In Weigert-Pal sections the scarred areas appear white on 
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a black background. (Fig. 449.) In these patches of sclerosis the 
axis cylinders may be wonderfully intact, thus accounting for the 
remarkable remissions of symptoms which may take place. Some of 
the axis cylinders degenerate and others disappear entirely. The 
astrocytes proliferate and the nerve fibers are replaced by a dense 
glial network. There is a remarkable absence of secjondary degenera- 
tion above and below the lesions, so that the patches of degeneration 
remain isolated. In this respect the disease differs entirely from tabes 
which is a system degeneration, i. e,, a condition affecting an entire 
system of fibers. Evidence of inllammation such as perivascular collars 
of cells is entirely lacking in the late stages of the disease. 

The Relation of Symptoms to Lesions. — Tlie lesions are nmcli more wide- 
spread than the severity of the syiiiptoins would suggest. “Sclerosis creates 
iiiulta, but not multum,” as Oppenheim puts it. The cojnparative integrity 
of the axis cylinders explains the unexpected way in which such serious symp- 
toms as paralysis or loss of vision may suddenly clear up. Lesions in the 
pyramidal tracts at different levels are responsible for the spastic paraplegia, 
exaggerated deep reflexes, and positive Babinski sign. The sensory changes 
are due to the lesions in the posterior columns. The absence of muscular 
atrophy and reaction of degeneration is to bo expected from the fact that 
the anterior horns escape serious injury. The cerebellar incoordination, 
evidenced by nystagmus, intention tremor and scanning speech, is caused by 
lesions in the cerebellar peduncles which cut off the coordinating influences 
which play on the motor centers in the mid-brain and pons. The temporary 
loss of vision and the pallor of the temporal side of the discs are due to lesions 
of the optic chiasma or optic nerve. Diplopia, strabismus, and ptosis are 
caused by patches of sclerosis in the mid-brain. 

Cerebrospinal Fluid.— With one exception this shows little change. There 
is a mild lymphocytosis in the early cases and a slight increase of protein, but 
in the advanced sclerotic stage these changes are absent. The exception is 
the colloidal gold reaction, which in about one-half the cases gives a paretic 
curve, though the Wa.ssermann reaction is always normal. 

Encephalitis Periaxialis Diffusa. Schilder’s Disease.— This rare condition, 
which affects children and young adults, closely resembles disseminated scler- 
osis in its pathology, but it involves the cerebral hemispheres, not the brain 
stem and spinal cord. The disca.se is c.s.sentially a dernyelinization of the 
white matter of both hemispheres, the gray matter escaping untouched. The 
affected areas are .soft and gelatinous, gray and translucent. The process 
usually starts in the occipital lobes and spreads forward, but it may begin in 
any part of the cerebrum. The microaco'pic features are similar to those of 
early disseminated sclerosis and postvaccinal encephalitis, i. e., demyeliniza- 
tion with destruction of the axis cylinders, perivascular collars of .scavenger 
cells, and early gliosis. There is marked .secondary degeneration of the affected 
paths. The cau.se of the condition is unknown. 

The onset is acute and the course rapidly progressive but some cases may 
recover. The symptoms correspond with iho lesions to a degree never seen 
in disseminated sclerosis. There is early blindness of cerebral type (occipital 
lobe), deafness (temporal lobe), .sen.sory disturbances and loss of sense of 
jxisition (parietal lobe), .spastic paraly.si.s (motor area), and mental deteriora- 
tion (frontal lobe). Convul.sion.s are comnimi. The combination in a child of 
progressive blindness, progres.sive spa.stic paralysis, and progre.ssive mental 
failure is pathognomonic. 

Resembling this condition is Swayhojck,'^ a congenital dernyelinizing disease 
of lambs, characterized by incoordination of movement, tremors of the head, 
blindness, and spastic paraly.si.s. There may be dernyelinization of an entire 
cerebral hemisphere. In some flocks as many as 90 per cent of the Iambs born 
are affected. 
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CHRONIC MOTOR NEURONE DEGENERATION 

Three different clinieal entities, all of them rare, may be grouped 
under this heading, for in all of them the underlying basis is a primary 
degeneration of the motor neurones, upper or lower or both. In 
pwgresdve muscular atrojihy the lesion is in the anterior horn, in 
bulbar palsy it is in the bulbar centers, and in amyotrophic lateral sclerosis 
both the upper and lower motor neurones degenerate. There is no 
involvement of the sensory side. The cause of the condition is un- 
known and its nature uncertain. It occurs in persons over middle 
age, there is nothing inflammatory about it, and it seems to be a pure 
degeneration, a gradual neuronal decay, an abiotrophy. It is possible 
that a food deficiency, vitamin or otherwise, may be rcsi>onsible. In all 
three forms there is progressive muscular weakness with atrophy and 
fibrillarv' tremors in the affected muscles. 

1. Amyotrophic Lateral Sclerosis.— Both the upper and lower motor neu- 
rones are involved. There is atrophy of the anterior horns in the cord with 
great disap])earaiicc of the motor cells and wasting of the anterior nerve roots; 
the condition of the nerve roots should be compared with what is found in 
ta))es. Tlie remaining anterior horn cells show every degree of degeneration. 
IHie pyramidal tracts are degenerated, and there is a corresponding degen- 
eration of the large Betz cells in the motor cortex. Late in the disease the 
motor nuclei in the pons and medulla degenerate. There is marked atrophy 
of the affected muscles. The change is spotty, not diffuse, many of the fibers 
being comparatively intact. These are innervated by the nerve cells which 
have escaped desti’uction. There is a replacement fibrosis. 

The chief symptoms are weakness, wasting, and fibrillary tremors of the 
muscles. The amyotrophy begins in the small muscles of the hands (thenar, 
hyi)othenar and interossei), and spreads to the forearm and shoulder. Spas- 
ticity of the legs, exaggerated deep reflexes and a positive Babinski sign due 
to an upper motor neurone lesion may appear even earlier. Symptoms of 
bulbar paralysis (see below) complete the picture at the end. The patient 
seldom survives more than three years, death being due to bulbar paralysis. 

2. Progressive Muscular Atrophy. — This is amyotrophic lateral sclerosis 
without clinical evidence of an upper motor neurone lesion, although at autopsy 
the lateral columns may show some degeneration. The disease is much rarer 
than the preceding form. The fibrillary tremors form the most striking feature 
of the clinical picture. As the bulbar centers arc spared, the patient may 
drag out an existence for many years. 

3. Progressive Bulbar Palsy.— The condition may be purely bulbar, or may 
be the end-stage of an amyotrophic lateral sclerosis. The motor nuclei of the 
pons and medulla are involved, i. c., the seventh, ninth, tenth, eleventh and 
twelfth nerves. The clinical picture is best described by the alternative name, 
glosso-labio-pharyngeal paralysis. The first symptom is difficulty in articula- 
tion with loss of the labials. Owing to the weakness of the lips they are at first 
held in a peculiarly stiff manner; after a time the mouth remains permanently 
open. The tongue wastes and shows marked fibrillary tremors. There is 
paralysis of the palate and the pharynx, vso that swallowing becomes impos- 
sible. The upper part of the face escapes. 

Little’s Disease. — The condition of congenital spastic diplegia is due to an 
upper motor neurone degeneration, or rather to an agenesia or failure of 
development on the part of the motor cortical cells and the pyramidal tracts. 
The convolutions in the motor area are small and atrophic {microgyria). There 
is an association with premature birth, but this is not a causal factor . The 
symptoms usually appear about a year after birth. The picture is purely 
motor. The child walks with a ‘‘cross-legged” or “scissors” gait, with great 
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spasticity of the legs. The deep reflexes are exaggerated and there is a double 
Babinski sign. There may be slight involvement of the arms. 

Spastic Cerebral Paralysis. — Spastic cerebral paralysis or birth palsy is 
quite a different condition from Little's disease, and is due to a meningeal 
hemorrhage at the time of birth. A monoplegia or hemiplegia is commoner 
than diplegia, and the paralysis is evident soon after birth. A gross lesion is 
always present. 

Pick’s Convolutional Atrophy. —This is a very rare form of agenesia which 
manifests itself in the prescnile period (fifty to sixty years). The brain is 
shrunken, and shows exteme symmetrical localized atrophy of parts of the 
cerebrum. The change is most marked in the frontal region, but in a case 
of the writer's the occipital convolutions were also extremely small. The 
atrophy is not arteriosclerotic or senile in character. The condition is pro- 
gressive, and is accompanied by marked dementia. It is the phylogeneti- 
cally younger parts of the brain which are most affected. 

SUBACUTE COMBINED DEGENERATION OF THE CORD 

This nervous disease, characterized by paresthesias of the hands and 
feet and spastic paralysis of the legs, is closely related to pernicious 
anemia. Nearly every case sooner or later develops a macrocytic 
hyperchromic type of anemia, even though there may not be a full- 
fledged blood picture of pernicious anemia. In rare cases combined 
degeneration may complicate other conditions, such as leukemia and 
cancer of the stomach. The cord lesions are not due to the anemia, 
for nervous symptoms may develop long before there is any sign of 
anemia. They are due either to the deflc‘iency responsible for the 
bone-marrow lesions, or to some other deficiency. 



Fio 450. — Subacute combined degeneration of the cord. Marked degeneration in 
the posterior columna, the crossed pyramidal and direct pyramidal tracts, and the right 
indirect cerebellar tract. (Weigert’s myelin stain.) X 8. 


Lesions.— These are most marked in the mid-dorsal region, with 
ascending secondary degeneration in the cervical cord and descending 
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secondary degeneration in the lumbar cord. The lesions are sym- 
metrical, and involve the posterior columns, crossed and direct pyr- 
amidal tracts, and the cerebellar tracts. (Fig. 450.) In the early 
stage and in remissions they are confined to the dorsal columns. They 
can be seen as translucent patches with the naked eye. It is not a sys- 
tem disease; the lesions arc formed by the fusion of many small patches. 
There is first demyelinization with complete destruction of the medul- 
lary sheaths, followed later by disappearance of the axis cylinders. In 
the more recent lesions there is a complete absence of neurogliaT pro- 
liferation, but in old lesions there may be some degree of secondary 
gliosis. 

The Relation of Symptoms to Lesions. -There is exact correspondence be- 
tween the lesions and symptoms. The earliest symptom is numbness and 
tingling at the tips of the fingers and toes, a feeling of “pins and needles.” 
Tjater there may be sensory loss, ataxia, and loss of the sense of position. The 
knee-jerks may be lost. All of these are posterior column symy)toms. In 
other cases there are lateral column symptoms, i. c., spastic paralysis, exag- 
gerated deep reflexes, and a double Babinski sign. The end-stage is one of 
flaccid paralysis with complete sensory loss and paralysis of the si)hincters; 
this corresponds with disappearance of all the long tracts in the dorsal region. 

FRIEDREICH’S ATAXIA 

This rare familial disease belongs to the group of the abiotrophies, in which 
slow degeneration of several of the tracts of the nervous s.ystem occurs without 
any obvious reason. It is a 
disease of the young. The 
distribution of the lesions re- 
sembles that in subacute com- 
bined degeneration, for the dis- 
ease is a combined degeneration 
affecting both posterior and 
lateral columns. (Fig. 451.) 

Owing to the lesions in the 
posterior columns there is loss 
of the deep reflexes and of deep 
muscle sense, the latter partially 
accounting for the ataxia, which 
affects the arms as well as the 
legs. But there is a large cere- 
bellar element in the ataxia 
(“ccrel)ellar reel”), due to in- 
volvement of the direct cerebellar 
tract. Lesions in the pyramidal 
tracts cause muscular weakness and a positive Babinski sign, even though the 
knee jerks are lost. A characteristic deformity of the foot (high arch and 
hammer toe) and scoliosis arc probably duo to the pyramidal tract degener- 
ation causing asymmetrical w'cakness of the muscles during the period of 
growth. Nystagmus and scanning speech are characteristic features, but their 
method of production is not obvious. Although posterior column sclerosis is 
present in both of the spinal ataxias (Friedreich’s and locomotor), the former 
presents none of the lightning pains and other sensory disturbances which 
are so characteristic of tabes, a significant fact which suggests that the 
cause of these disturbances should be looked for outside the spinal cord. 



Fig. 451. — Friedreich’s ataxia. X 7. 
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SYRINGOMYELIA 

This is another rare disease of the earlier part of life depending on a perver- 
sion of development. It is therefore often associated with spina bifida and 
other congenital anomalies. The outstanding symptoms are dissociated anes- 
thesia (loss of sensibility to pain and temperature with preservation of touch), 
muscular atrophy in the arms, a spastic condition of the legs, and certain 
so-called trophic lesions. 

Lesions. — The essential lesion is a gliosis in the gray commissure and the 
base of the posterior horns in the lower cervical and upper dorsal region. This 
new-formed glial tissue becomes softened and liquefied so that a tubular cavity 
is formed {syrinx , a tube, the same word as vsyringe). (Fig 452.) The process 
may extend through the entire length of the cord, and even up into the brain 
stem . The cavity is separate from the central canals of the cord. The affected 
part is large, soft and flattened. The cavity is often lined by a layer of epen- 
dyma. It should be remembered that ependymal cells are merely specialized 



Fig. 452. — Syringomyelia. Marker] ravity formation in the renter of the cord, with 
surrounding zone of gliosis. (Weigert’s myelin stain.) X S. 


neuroglial cells, and that they may proliferate, giving rise to a gliosis, just as 
they may form an ependymal glioma. In the latter tumor the cells tend to 
surround tiny cavities, and it is possible that a similar tendency may explain 
the cavity formation in syringomyelia. All this is very theoretical, but there 
is nothing better to put in its place. We may regard the process, then, as a 
benign neoplasia of glial tissue, in which ependymal cells possibly play a 
prominent part. 

The Relation of Symptoms to Lesions. The dissociated anesthesia is ob- 
served in the arms, as the lesion is commonly in the cervical cord. The fibers 
for pain and temperature cross in the gray commissure, and are therefore 
caught in the destructive process. Most of the touch fibers pass up in the pos- 
terior columns of the same side and therefore escape. This exT)lains the dis- 
sociation of the anesthesia. Spasticity of the legs with some loss of power is 
due to pressure on the pyramidal tracts in the cervical region. In the arms 
there is muscular atrophy of the lower motor neurone type, similar to that 
.seen in progressive muscular atrophy. As the pathological process seldom 
involves the anterior horns, the rea.son for this atrophy is obscure. The trophic 
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lesions are still more obscure. The name is unfortunate, for it is probalile that 
the root of the trouble is not the cutting off of hypothetical trophic influences 
from the cord, but the anesthesia which permits the tissues to be unduly 
traumatized. Thus burns on the hands are of common occurrence, as the 
I)atient is insensitive to heat. The best known example is the Charcot joints 
usually the shoulder or elbow. Its chief characteristic is its extreme painless- 
ness, although the joint is completely disorganized and may become dislocated. 
Such an insensitive joint must receive much trauma against which there is 
now no protective mechanism, and this may lead to the remarkable disintegra- 
tion characteristic of the condition. _ 

Hydromyelia. — This is a simple dilatation of the central canal of the cord. 
It may affect the whole or only part of the canals. It may be associated with 
hydrocephalus, and is related to that condition rather than to syringomyelia. 

DISEASES OF THE CORPUS STRIATUM 

The corpus striatuin, so called because the fibers of the internal 
capsule traverse its gray matter, thus gix ing it a striated appearanee, 
consists of th(' (caudate nucleus and lenticular nucleus. Ilie latter 
is divided into an outer part of recemt origin, the putamen (neostria- 
tum) and an inner more ancient part, the globus pallidus or pallidum 
(paleostriatum). A theoretical superstructure of considerable com- 
plexity has been reared on the basal ganglia. Fibers pass from the 
putamen to the globus pallidus, from there to the red nucleus and sub- 
stantia nigra in the mid-brain, and on once more in the rubrospinal 
tract (i‘xtrapyramidal path) to the motor cells of the anterior horn of 
the cord. Some writers have ascribed different functions to the differ- 
ent parts of the corpus striatum and a correspond ingl.\* different 
symptomatology in disease, '^riiere is said to be a pallidal syndrome 
characterized by rigidity and tremor, and a ncostriatal syndrome with 
chort'iforin and athetoid movements as a result of loss of inhibitory 
impulses from putamen and globus pallidus. 

Kinnier Wilson in opposing this conception points out that the 
ganglia at the base of the brain still retain one of the great character- 
istics of basements, viz., darkness. He considers that in man the 
corpus striatum exerts a stcad.N'ing influence by way of the lenticulo- 
rubrospinal path (extrapyramidal path) on the innervation of the 
lower motor neurone from the pyramidal system. Both pyramidal 
and extrapyramidal influences play on the anterior horn cells, the 
resultant of these forces passing out along what Sherrington calls the 
final common path, i. e., the lower motor neurone. If the steady- 
ing influences are removed from the final common path, tremor occurs, 
which is increased by any increase of pyramidal a(?tion. 

The effects of disease of the corpus striatum are of three main 
types: (1) rigidity, (2) tremor, and (3) disorders of movement. The 
rigidity affects chiefly the large proximal muscles ; the finer movements, 
such as those of the fingers are unimpaired. The apparent lack of 
emotional response, the mask-like face of Parkinsonism, is due to this 
rigidity. The tremor is seen in the non-rigid parts, e. g., fingers, hands, 
tongue. It is due to rhythmical contraction of opposing muscles and 
is a release phenomenon; the striatal lesion either frees a lower center 
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to discharge rhythmic impulses, or removes a normal inhibition which 
restrains the cortical impulses playing on the anterior horn cells. 
Long ago Hughlings Jackson suggested that there was an intimate 
relation between tremor and rigidity: ‘Tremor is rigidity spread 
thin, and rigidity is tremor run together.” The disorders of movemeni 
are mainly slowing and poverty. The slowing is largely due to the 
rigidity. There are no little movements, such as crossing one leg over 
the other, fingering the chin, etc. The final picture of striatal disease 
is one of complete motor helplessness, but there is no true paralysis. 

Paralysis Agitans.— Parkinson’s disease (“the shaking palsy”) is a 
perfect example of disease of the extrapyramidal system, and will 
therefore be described in some detail. The clinical picture was drawn 
more than a hundred years ago by Parkinson with the hand of a 
master. The classical triad of symptoms are rigidity, tremor, and an 
attitude of flexion. (1) The rigidity results in a general absence of motor 
activity; there are none of the little movements already mentioned as 
depending on a healthy corpus striatum. It involves all the volun- 
tary muscles, until at last the unhappy sufferer becomes as rigid as a 
block of marble. Articulation and swallowing become difficult, and 
finally there is complete anarthria and extreme dysphagia. The 
rigidity gives the face the familiar Parkinsonian mask. The mouth 
cannot be closed and the saliva drools down the chin. (2) The tremor 
affects the fingers and hands, giving a cigarette-rolling movement. It 
is present when the part is at rest, disappearing for a few minutes 
with movement. To use Parkinson’s own words: “Commencing in 
one arm the wearisome agitation is borne until beyond sufferance, 
when by sudden changing of the posture it is for a time stopped in that 
limb.” It is dej)cndent on the integrity of the pyramidal tract for it 
disappears in a limb paralyzed as the result of a stroke, only to reap- 
pear as the power returns. (3) The whole attitude is one of flexion. 
The head is flexed on the chest, the body is bowed, the arms and wrists 
are flexed, the knees are bent. As the center of gravity is thrown 
forward he has to walk on the forepart of the feet, and comes to assume 
an overhanging position. “He is irresistibly impelled to take much 
quicker and shorter steps, and thereby to adopt unwillingly a running 
pace.” An advanced example of the disease can be diagnosed at a 
glance. 

Lesions.— The lesions take the form of degenerative changes in the 
corpus striatum, especially disappearance of the large motor cells of 
the globus pallidus. More than this it is not possible to say. The 
changes are not confined to the globus pallidus, so that it is not justi- 
fiable to regard the c(mdition as a pure syndrome of the globus pallidus. 
The cause of the degeneration is not known; possibly it is in the nature 
of a senile atrophy. Edema, degeneration, and fibrosis have been 
described in the muscle spindles (neuromuscular bundles) of the small 
muscles of the thumb. The rigidity and tremor are evidently the 
result of the lesions in the corpus striatum. 
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The possibility of a relation to trauma has been a matter of much dispute. 
Undoubtedly severe injury to the head may be followed after a latent interval 
by the appearance of tremors, due probably to destructive lesions in the basal 
ganglia caused by a wave of cerebrospinal fluid set up by the blow. These 
post-traumatic cases, however, do not present all the features of Parkinson's 
disease, and they may occur at a much earlier age. 

Post-encephalitic Paralysis Agitans.— This condition, commonly called post- 
encephalitic Parkinsonism, presents the same clinical picture as that which has 
just been described, but the course is usually not progressive. In spite of this 
similarity it is not a corpus striatum disease, for the degenerative lesions are 
in the substantia nigra and the red nucleus. The pigmented cells of the 
former may largely disappear. It is therefore a disease of the extrapyramidal 
system. 

Progressive Lenticular Degeneration.— This rare condition is also called 
hepato-lenticular degeneration and Wilson's disease. It is familial, affects 
young people, and is progressively fatal. The chief clinical features are mus- 
cular rigidity, tremor of the Parkinson type, diihculty with articulation, nnd 
marked emotionalism. There are always two entirely different lesionsy as 
indicated by the name hepato-lenticular degeneration. The first is a degen- 
eration of the lenticular nucleus, which may go on to softening and cavity 
formation. It is a pure striatal lesion, involving the caudate as well as the 
lenticular nucleus, but leaving the thalamus untouched. The second lesion 
is a cirrhosis of the liver of the Tjaennec type, although it never seems to give 
rise to symptoms of cirrhosis. The relationship between these two lesions is 
uncertain, but it may be noted that ligation of the common bile duct in the 
dog is followed by patchy cerebral degeneration, and that cirrhosis and other 
degenerative diseases of the liver in man may be associated with necrotic foci 
in the corpus striatum. 

Huntington's Chorea.— This rare disease has an extremely ma,rked heredi- 
tary tendency, but does not appear until middle life. The two chief symptoms 
are involuntary movements and tremors of choreiform character, and mental 
deterioration going on to dementia. Two lesions have been described: (1) 
atrophy of the cortical nerve cells and their associated fibers; (2) destruction 
and disappearance of the cells of the putamen and caudate nucleus (neostria- 
tum) with comparative escape of the globus pallidus. The mental deterioration 
is evidently due to the extensive cortical changes, and the choreiform move- 
ments may be attributed to the loss of controlling influences from the neo- 
striatum. 

Sydenham's Chorea. — St. Vitus' dance is one of the commonest of nervous 
disorders, yet its pathology is still obscure. It usually occurs in girls, and 
nearly always before the age of twenty years. Chorea is a manifestation of 
rheumatic fever, but it may not be preceded by a definite arthritis, for rheu- 
matic manifestations in childhood are not necessarily arthritic. The symptoms 
take the form of sudden, irregular, involuntary movements. The disease 
runs its course in a few weeks and rarely ends in death. The lesions in the 
fatal cases are remarkably insignificant. There is marked hyperemia, a mod- 
erate perivascular lymphocytosis, and slight degeneration of nerve cells. 
These changes are most marked in the cerebral cortex and the basal ganglia, 
especially the neostriatum. 

THE MUSCULAR DYSTROPHIES 

This group of disorders of muscle is also called the myopathies, in 
the belief that the disease is of muscular origin. The cause of the 
condition is unknown. It has been shown experimentally in a variety 
of animals that a deficiency of vitamin E leads to necrosis of skeletal 
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muscle with hyalinization similar to that of Zenker’s degeneration. 
The idea is gaining ground that the myopathies may be deficiency 
diseases, possibly acting through the sympathetic nervous system. 
The late J. J. Hunter considered that each skeletal muscle consists of 
tw^o sets of fibers, each with its own nerve supply. The function of the 
fibers supplied by the sympathetic is a plastic one, responsible for 
fixation and the maintenance of posture. When this function is lost 
the picture is that of the muscular dystrophies. The lesions have the 
selective character which we associate with disease of the nervous 
system; some muscles may be profoundly affected, while a neighboring 
group may be quite normal. But the whole question is still in a highly 
theoretical stage. 



Fig. 453. — Pseudohypertrophic muscular dystrophy. The muscle fibers arc swollen 
and arc laiRcly replaced by fat. X 140. 


The muscular dystrophies have several clinical divisions, but the 
basic pathology is the same. The disease begins in childhood, shows 
a very marked familial tendency so that several children in the family 
may be affected, attacks onl\' the males, but is transmitted only by 
the females. The large muscles concerned with fixation (shoulder 
girdle, hip) are chiefly affected, the small muscles concermxl with 
active movement (hand, etc.) usually escaping. This is the opposite 
to what occurs in progressive muscular atrophy. The largest group 
is known as jjffeinloliy'pertrophic vivsndar paralysis because of a remark- 
able enlargement of the musedes of the calf or shoulder girdle. Although 
the mu.scles are enlarged, tliey are without power (all is not gold that 
glitters). The great symptom is muscular weakness. Owing to 
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paralysis of the gluteal muscles the patient cannot rise from the floor 
in the usual way, but has to “climb up his legs.” The muscles of the 
shoulder girdle may be principally alfected {fario-scaimlo-lumrral 
type). 

Lesions.— These involve the muscles and interstitial tissue. In the 
common pseudohypertrophic form the muscles are large and firm; 
the gastrocnemius, deltoid, supraspinatus, and infraspinatus are most 
often affected. Other muscles are markedly atrophic. In the early 
stages the muscle fibers may be swollen, with loss of striations and 
increase of the sarcolemma nuclei, but later the fibers become atrophic. 
Ill this stage there may be a marked increase of the interstitial tissue, 
and great deposits of fat may occur between the muscle fibers. (h"ig. 
453). It is to these deposits of fat that most of the enliirgemcnt 
(pseudohypertrophy) is due. The exact cause of these deposits is not 
known, but indirect evidence suggests that they may be due to pituit- 
ary disturbance. 

INTRACRANIAL TUMORS 

Tumors within the cranial cavity may be divided into two great 
groups, intracerebral and extracerebral. The intracerebral group 
comprise the gliomas, metastatic carcinoma, and a few miscellaneous 
tumors such as hemangioma. The extraeerebral grouj), far more favor- 
able from the surgical standpoint, comprise the meningiomas, acoustic 
neuromas, and tumors of the pituitary and craniopharyngiomas wliieh 
liave already been considered in connection with the pituitary body. 
All of these tumors may produce certain general effects, but these 
effects are most conveniently discussed with reference to the group of 
the gliomas. 

Although gliomas are in many cases higlily malignajit tumors, they 
fail to produce metastases outside the central nervous system. The 
medulloblastoma shows a marked tenden(?y to seeding throughout the 
subarachnoid space, both cerebral and spinal, and much less fre(|uently 
on the walls of the ventricles. In rare instances the other fonns of 
glioma may sprc'ad in a similar manner. 

General Effects. — Edema is of common occurrence in the neighborhood of a 
brain tumor. Enlargement of the affected part, which is a constant accompani- 
ment f)f tumor, may j)e largely due to the edema. Secondary hydrocephalus is 
perhaps the most important elfcct, for it is largely responsible for the increased 
intracranial pressure, and therefore for the classical (though late) symptoms 
of brain tumor, i. e., headache, vomiting, and optic neuritis. Tumors in the 
jxisterior fossa arc most likely to cause severe hydrocephalus, but a tumor 
in any position may produce some dilatation of the ventricles. A tumor in 
the posterior fossa may block the opening of the aciueduct of vSylvius or may 
press on the great vein of Galen as it curves around the splenium of the corpus 
callosum. This vein drains the choroid plexus, and pressure upon it leads to 
an increased production of cerebrospinal fluid and hydrocephalus. But a 
tumor in any part of the cranial cavity may cause hydrocephalus. This is 
probably due to pressure of the brain stem containing the narrow aqueduct of 
Sylvius against the hard edge of the tentorium cerebelli. Distortion of the 
lateral ventricle by the tumor is a common occurrence, and this can be detected 
by means of ventriculography, i, 6., filling the ventricles with air and taking 
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a roentgen-ray picture. The increased intracranial 'pressure causes flattening 
of the convolutions and obliteration of the subarachnoid space. At operation 
the brain may not show the normal pulsation. The. optic neuritis is due to 
the fluid in the subarachnoid space being forced into the lymph spaces in the 
sheath of the optic nerve; this interferes with the venous return, and the result 
is edema and hemorrhage which give the ophthalmoscopic picture of choked 
disc and optic neuritis. When the intracranial pressure is high, clusters of 
arachnoid cells may penetrate the dura and appear on its cranial surface as 
nodular outgi'owths. Hemorrhage into a glioma is common, and may cause 
a sudden exacerbation of symptoms or even death. The skull may show a 
characteristic mottling like beaten silver in the roentgen-ray picture from 
f)ressurc of the convolutions, due to increased intracranial pressure. In men- 
ingioma there may be an even more characteristic local hyperostosis of the 
overlying bone. 

The relation of trauma to glioma is a matter on which there is no uniformity 
of opinion. Some of those who have examined the statistics most carefully 
are of the opinion that no such relationship exists. The difficulty is to dis- 
tinguish between mere coincidence and true causal relationship. 

Glioma. —For practical purposes nearly all the tumors of the brain 
are neoplasms of the interstitial tissue, L e., gliomas. Of the three 
varieties of interstitial tissue, the microglia never gives rise to tumors, 
and the oligodendroglia very seldom does, so that practically all tin; 
gliomas arise from the astrocytes. The various intracranial tumors 
may be divided into a clinically benign group of slow growth and a 
much more malignant group. To the more benign group belong 
meningioma, acoustic nerve tumor, pituitary adenoma, c*erebellar 
astrocytoma, ependymoma, bloodvessel tumors, and congenital tumors. 
The important members of the malignant group are glioblastoma, 
medulloblastoma and cerebral astrocytoma, although to a much less 
degree. It must be noted that although some of the gliomas are 
among the most malignant of tumors, they never give rise to metas- 
tases. This may be because the specialized glial tissue is unable to 
grow when transplanted to other organs. If large celk)idin sections 
of the entire tumor and the surrounding brain tissue arc made it will 
be found that in about one-third of the cases the glioma is relatively 
circumscribed, the microscopic limits corresponding fairly closely with 
the visible limits. About ()0 per cent are diffuse, with microscopic 
limits extending widely beyond the grossly visible limits (Scherer). 
This is true of all cerebral astrocytomas. There may be multicentric 
growth, but this is practically confined to the glioblastomas. About 
30 per cent of gliomas are bilateral. 

Bailey and (Pushing have divided the gliomas into a large number of 
suVjgroups, which differ markedly in their histological appearance and 
show a corresponding clinical difference in their prognosis. The basis 
of the classification is a histogenetic one. The primitive medullary 
ei)ithelium gives rise to spongiohUistSf which form the early spongework 
of the brain. The spongioblast develops a vascular process and sucker 
foot; it is then called an asirohlad. The astroblast in turn develops 
fibrils and becomes an adult astrocyte, T^his is the main genealogical 
tree, but two other cells must be mentioned. Some of the spongio- 
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blasts collect around the lumen of the neural tube and become the 
ependymal cells. The medidloblast is a primitive undifferentiated cell 
which develops early from the medullary epithelium. Its subsequent 
fate is uncertain. 

These various glial cells can be distinguished by means of the Spanish 
methods of gold and silver impregnation. A glioma may be (constituted 
of any of these cells, and the tumor is named accordingly in Bailey and 
(bushing’s classification. This does not mean that the tumor has 
originated from these cells; the cells of which it is composed have 
merely reverted to a more or less primitive type. The classification, 
indeed, is merely a method of grading. The most primitive and 
undifferentiated tumor, such as the medulloblastoma, belongs to 
(jradc 4, while a well-differentiated tumor like the astrocytoma belongs 
to (jradc 1. The types ar^ ..ot always pure and may be mixed. Surgical 
interference with an adult type may sometimes convert it into a rapidly- 
growing primitive type. Although the Spanish methods of staining 
have been invaluable for working out the different types, it must be 
understood that in the great majority of cases a correct diagnosis can 
be made with ordinary histological methods, especially when Mallory’s 
phosphotungstic acid hematoxylin is used in addition, h^r by means oi 
it the neuroglia fibrils can be stained sharpl>\ 

A large number of different forms of glioma have been described, 
but some of these arc very rare and the identity of others is doubtful. 
We shall content ourselves with describing two c*oinmon gliomas 
(glioblastoma and astrocytoma), two that are much less common 
(medulloblastoma and ependymoma), and merely mentioning a number 
of rarities. 

A peculiar feature of the gliomas is that, no matter how malignant 
they may be, they do not metastasize outside the central nervous 
system. They make up for this, however, by showing a tendency to 
seeding throughout the subarachnoid space, both cerebral and spinal, 
a tendency which is much more marked in the case of the medullo- 
blastoma. 

Glioblastoma Multiforme.- -This, the (*ominonest ami most malig- 
nant of the gliomas, is also called spongioblastoma vndtiforme, because 
the type cell is the spongioblast. It is a tumor of middle life, and is 
seldom found outside the cerebral hemispheres. It is not infrequently 
multiple— an unusual occurrence in a malignant tumor. If not treated, 
it rapidly kills the patient The tumor is soft, gray, ill-defined, vascu- 
lar, and often shows evidence of degeneration such as necrosis, henmr- 
rhiige, and cyst formation. Degeneration of the central part often gives 
the tumor a false appearance of encapsulation (big. 454) ; in reality it is 
highly invasive, and the surgeon’s great difficulty is to know where the 
tumor ends and normal brain begins. 

The microscopic appearance is characteristically v'aried. The tumor 
is highly cellular, and the cells are very pleomorphic, varying greatly 
in size and shape, recalling the varied cytological picture in osteogenic 
sarcoma of bone. This pleomorphism justifies the name ‘^multiforme, 
59 
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which is applied to the common form of glioblastoma, in contrast to a 
rarer polar form of glioblastoma, in which the cells have a single 
process. Some of the cells are round or oval, some pear-shaped, some 



Fla. 464. — Glioblastoma showing hemorrhage in center. 



Fio. 455.*— Glioblastoma multiforme. The cells vary greatly in shape: some are round, 
some are elongated, and some are pear-shaped. X 700. 
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elongated. (Fig. 455.) They are bipolar spongioblasts when stained 
by Cajal’s gold-sublimate method. There are also tumor giant eells 
with many nuclei. Mitoses arc common. Tliere art' no glia fibers, 
for the spongioblast docs not produce such fibers. The \'asciilar 
endothelium often shows a remarkable proliferation so that the liinien 
of the vessels may be filled with masses of cells. This change may be 
observed in still normal tissue beyond the limits of the tumor. One 
can but guess at the significance of such a change. Around the tumor 
there is usually well-marked gliosis. 

Astrocytoma. The astrocytoma is a comparatively benign tumor. 
The average time of survival after operation is six years (Onshing), 
and many of the patients appejir 
to be completely cured. The 
tumor blends so gently with the 
surrounding tissue that no line of 
demarcation can be drawn. It is 
usually much firmer than the 
glioblastoma owing to the fibrils 
of which it is composed. The 
tumor may occur in any part of 
the brain. A common site is the 
cerebellum', especially in children. 

A distinction must be drawn be- 
tween astrocytoma of the (!crc- 
brum in adults and astrocytoma 
of the cerebellum in children. 

The latter is the purest form of 
astrocytoma, often shows marked 
c;v'st formation, and is the most 
satisfactory glioma known to the 
surgeon. Most of the lesion may 
' be represented by a cyst, with 
only a small nubbin of tumor left in the wall. Small intraneoplastie 
cysts may be due to degeneration, but larger cysts, wliich are often 
outside the tumor, contain fluid which appears to be a transudate from 
the surface, and which rapidly accumulates after the cyst is aspirated. 
Astrocytoma of the cerebrum in adults may b(‘ much more ( cllular, and 
in places there may be an apparent transition towards gliobh»stoina. 

The microscopic picture in a typical case forms a striking contrast 
to the glioblastoma. (Fig. 456.) The cells are few, and are uniform 
in size and shape. Sometimes, however, as the result of degenerative 
changes, there is swelling and hyalinization of the cell-body, and dis- 
placement of the nucleus to the side. (Fig. 457.) As already men- 
tioned, in the cerebrum the tumor may be more cellular, and mitoses 
may oc*casionally be seen. The cells are separated by numerous glia 
fibrils, which arc well stained with phosphotungstic acid hematoxylin, 
but are best shown by the gold method. (Fig. 458.) Neoplastic 
astrocytes, being often packed together, may be much more elongated 



Fig. 450. Astrory Lumn. X 500. 
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than those of the normal brain. Moreover they are often lacking in 
vascular footplates, which are always present in normal astrocytes. 
Bloodvessels are not numerous. A feature characteristic of astro- 
cytoma is the survival of occasional nerve cells in the midst of the 
tumor; this must be attributed to lack of destructive power on the 
part of the tumor. Calcification is not uncommon, and may be seen 
in the roentgen-ray picture. There is no gliosis around the tumor, 
and it may be very hard to tell the limits of the growth. 

Medulloblastoma.— This highly 
malignant and rapidly-growing 
tumor usually occurs in children 
in the mid-line of the cerebellum 


Fig. 45S. — Astrocytoma; Cajal’s gold- 
sublimate method. X 300. 

(roof of fourth ventricle) . It forms a soft reddish-gray mass which may 
fill the cavity of the fourth ventricle, producing marked hydrocephalus. 
It is the killing tumor of the child, just as glioblastoma is the killing 
tumor of the adult. In view of the fact that a tumor in the roof of the 
fourth ventricle of a child may be the extremely malignant medullo- 
blastoma or the extremely innocent astrocytoma, biopsy confirmation 
of the tumor type is of great importance. The latter can be treated 
with complete success, whereas if the former is interfered with it is 
likely to be spread throughout the subarachnoid space. The medullo- 
blastoma is the only glioma which penetrates the pia and invades the 
subarachnoid space diffusely. The microscopic picture is completely 
undifferentiated, like that of a round-cell sarcoma. The tumor is 
extremely cellular and there are no fibrils. The cells are round, but 
some may be carrot-shaped. The cells may be grouped around blood- 




Fig. 457. — Degenerated astrocytes in 
astrocytoma. X 400. 
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vessels, forming “pseudorosettes.” These differ from the true rosettes 
of an ependymoma in having no lumen in the center. 

Ependymoma. — This tumor is considerably more rare than the three 
preceding ones. It resembles the medullobla.stoma in usually occur- 
ring in children and in the roof or floor of the fourth ventricle, but 
differs from it in being much less malignant and more highly difler- 
entiated. It may grow in the cerebrum close to the lateral or thiirl 
ventricle. The tumor is fairly firm, and calcification, evident in the 
roentgen-ray picture, is quite common. Microscopically the tumor 
consists of ependymal cells or more primitive ependymal spongioblasts ; 
the latter are tadpole-.shaped, with an elongated tail. As the normal 
function of ependymal cells is to line a cavity, some of the tumor cells 



Fio. 459. — Ependymoma of fourth ventricle in a boy, aged two >cars. The tumor 
cells are grouped around a lumen. Blepharoplasten can be seen in the cytoplasm close 
to the lumen. X 1000. 


are grouped around small canals; these groups are known as rosettes, 
and when present in typical form are pathognomonic of ependymoma. 
(Fig. 459.) Between the nucleus and the lumen the cytoplasm may 
contain tiny rods known as blepharoplasten. These are characteristic 
of ependymal cells, being the remains of chromatin granules at the 
base of the cilia. 

Astroblastoma. — A rare and relatively benign tumor composed of cells like 
astroblasts. The cells are attached to vessels by a large vascular process, and 
as these arc not seen in ordinary preparations, the vessels seem to be sur- 
rounded by mantles of cells, but separated from them by a clear space. 

Oligodendroglioma.— A very rare tumor of the oligodendroglia, confined to 
the cerebral hemispheres of adults. Although extremely cellular (Fig. 460), 
it is slowly growing, and shows a marked tendency to perivascular calcification 
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which can be recognized in tlie roentgen-ray picture. In ordinary sections the 
cell bodies arc represented by clear spaces like vegetable cells. To prove the 
nature of the tumor the cell processes must be stained with silver. 

Pinealoma.— This is another very rare tumor which grows from the pineal 
body. It occurs for the most ])art in the second decade, and is marked by 
symptoms of involvement of the corpora quadrigemina (oculomotor palsies, 




Fig. 4(i0 'OliKodeiidroglioma. 
X .500. 


PiQ. 461. — Pinealomu'. X 400. 


deafness), and pubeitas prjecox, i. <?., precocious sexual development and 
adiposity, llydrocejihalus is marked owing to the jiosition of the tumor. 
The tumor may be regarded as an “adenoma” of the pineal, for it consists of 

the two types of cells normally present, very 
large jiineal cells and small round neuroglial 
cells. (Fig. 401) . 

Cholesteatoma. This rare tumor is of 
developmental origin, arising from epithe- 
lial implantations which occur in the de- 
velopment of the embryo. The common 
site is under the pia, but it may be in the 
substance of the brain or in one of the 
ventricles. Depending on the time that the 
cellular anlage is cut ofl*, the capsule may 
be cither purely epidermal or dermal with 
hair follicles. In the later case the tumor 
will be a dermoid cyst with the usual buttery 
contents and wisps of hair. In the much 
commoner epidermal form the lesion is 
covered by stratified epidermal cells, which 
become desquamated and cornified. The 
gross ay)pearance is highly characteristic, and has earned for the lesion the 
name of penrly tumor. (Fig. 4f)2.) The tumor is globular, and the surface is 
smooth, silky, of a mother-of-pearl luster, and may present pea-sized ele- 
vations. The surface can be picked off in flakes. Microscopically the 
tumor consists of layers of polygonal cells filled with granules, fatty 
material, and cholesterol crystals. 
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Ganglioneuroma. -This is perhaps the rarest of brain tumors. It is com- 
posed of adult nerve cells, and is more likely to be found outside tlie brain, 
e. g., in the adrenal medulla. (Fi^i;, 135, page 209.) 

Retinoblastoma.— This tumor is commonly call(?d glio^nu of the ege, ])ut it 
contains no glia fibers, and as it seems to develop from tlic retinal anlage of 
the embryo it seems better to call it a retinoblastoma. (Fig. 463.) Owing to 
the presence of “rosettes” of columnar cells, it has been regarcled as a neuro- 
epithelioma. It is the second commonest tumor of the eye, malignant melanoma 
being the commonest. It is locally destructive, and in the later stages may 
metastasize to lymph nodes and internal organs, thus proving that it is not a 
glioma. The tumor consists of small round cells consisting of little more than 
nuclei, with hardly any cytoplasm and 
no fibrils. The rosettes when present 
are characteristic circular structures 
composed of columnar cells which prob- 
ably have a tendency to develop into 
rods and cones. They arc often absent. 

The tumor nearly always occurs before 
the fourth year, so that it may be 
regarded as of congenital origin ; it is bi- 
lateral in 20 per cent of cases; it displays 
a remarkable and tragic familial tend- 
ency, 10 children out of 16 in one family 
having died of this tumor. 

Sheath Tumors.— It has already 
been jxjinted out that it is con- 
venient and logical to divide intra- 
cranial tumors (with the exception 
of pituitary tumors which have al- 
ready been considered in (’hapter 
XXVIII) into brain tumors proper 
and tumors of the sheaths of the 
brain. The latter comprise the 
meningioma and the acoustic nerve 
tumor. 

Meningioma.— This is an innocent tumor (although rarely it may 
become malignant) and it constitutes one of the commonest forms of 
intracranial neoplasm. There is alxmt one meningioma to every four 
gliomas. The term meningioma is hardly satisfactory from a histo- 
genetie standpoint, but it has the advantage of being noiwojnmittal. 
It has been and still is called dural endothelioma, but it does not arise 
from the dura and is not an endothelioma. The tumor arises from 
groups of mesothelial ceils which eo\ er the arachnoid villi and the 
Pacchionian bodies, and may be regarded as a meningeal fibroblastoma. 
On account of their mode of origin the tumors are usually situated near 
the superior longitudinal sinus in the fronto-i)arietal re^on, but they 
may grow from the falx cerebri, or at the base of the skull in the anterior 
and middle cranial fossa. 

The grnaa appearance is very characteristic, for the tuuior presses 
on the brain from the outside and forms a deep bed for itself, from 
which in the autopsy room it can be readily shelled out. (Fig. 4(54.) 
In the operating room, however, things are far le.s.s simple, and the 



Fig. 463. — Retinoblastoma. 
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surgeon may readily lose his patient from hemorrhage from large 
vessels which pass between the highly vascular overlying bone and 
the tumor. The meningioma is usually much firmer than the glioma. 



Fig. 464 — Meningioma. The tumor lias formed a large depression for itself in the 
hemisphere, and has caused mucjh distortion of the brain. 



Fig. 465. — Meningioma. The whorled arrangement of the elongated cells is plainly 

shown. X 400. 


It is adherent externally to the dura. It remains encapsulated, and 
does not penetrate the pia nor infiltrate the brain, so that it lends 
itself to surgical removal. Mwroscojrixially it consists of elongated 
fibroblastic cells often showing a whorled arrangement. (Fig. 465.) 
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The whorls may undergo hyaline degeneration and form little masses 
like epithelial pearls. These may become calcified and resemble cor- 
pora amylacea, giving an appearance known as psammoma bodies or 
brain sand {•psammoa, sand), and on this account the tumor used to 
be known as a psammoma. In rapidly-growing tumors the cells may 
be rounder and much less difiFerentiated. Occasionally fat may be 
present {lipo-meningioma). Local changes in the skull may be of great 
help in diagnosis. In about 25 per cent of cases there is bony thicken- 
ing over the tumor which can be detected radiologically and sometimes 
clinically. This is due to penetration of the dura hy the tumor and 
invasion of the skull, with ossification of the stroma of the invading 
tumor. In rare cases there may be erosion and perforation of the 
bone in place of thickening. 



Fig. 466.— Acoustic nerve tumor. The tumor has produced marked distortion of the 

brain stem. 

Acoustic Nerve Tumor.— This is the second of the sheath tumors, 
and it resembles the meningioma in many respects. Occurring in 
the cerebello-pontine angle and growing from the sheath of the acoustic 
nerve, it forms a firm, round, well-encapsulated tumor, which presses 
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on the brain tstem and produces marked distortion and displacement 
of that structure. (Fig. 466.) A similar tumor sometimes grows on 
the roots of the spinal nerves. There is difference of opinion regarding 
the origin and nature of these tumors. It is usually regarded as a 
fibroblastoma arising from the perineurium of the nerve, but Masson 
believes that it is a tumor of the cells of the sheath of Schwann, what 
the French writers call a Schwannoma. It is identical in structure 
with the perineurial fibroblastomas (solitary neuromas) growing on 
peripheral nerves. The subject is discussed further in connection 
with tumors of nerves. Microscopically it consists of elongated nuclei 
often arranged side by side so as to produce a cha»‘acteristic banded or 
‘‘palisade” sppearance. There may also be eddies or whorls of cells. 
The outline of the cells is vague, and the background is fibrous in 
character, probably collagen. The clinical ejfects are facial palsy and 
nerve deafness (seventh and eighth nerves), and the usual signs of 
intracranial tumor. An important feature is a nearly invariable 
increase of the protein in the cerebrospinal fluid, although in one of 
our cases it was normal. It can at least be said that a normal fluid 
in a posterior fossa tumor nearly always means an intracerebellar 
lesion. The protein increase may be attributed to blockage of the 
circulation of cerebrospinal fluid to the spinal subarachnoid space or 
to compression of the venous channels draining the choroid plexus. 

Hemangioma.- Vascular tumors of the brain can be divided into (1) angio- 
matous malformations and (2) hemangioblastomas. Each group includes a 
general systemic disorder as well as the local cerebral lesion. The first condi- 
tion is a cavernous angiomatosis of the brain; it is associated with a similar 
condition of the skin and with congenital glaucoma. The second is a capillary 
angiomatosis of the cerebellum and is associated with similar lesions of the 
retina and some of the viscera. The kidneys and the pancreas may be cystic. 
This angiomatosis of cerebellum and retina is known as Lindnu^n disease. It 
is hereditary in character, occurring in one family in three generations. Some- 
times the lesions are in the medulla or cord instead of the cerebellum; they 
never occur in the cerebrum. The tumor is composed of angiomatous spaces 
between which are xanthoma-like cells filled with lipoid. 

Secondary Tumors.— When a diagnosis is made of tumor of the 
brain it must not be forgotten that the tumor may be secondary. The 
most common site of the primary tumor is the lung. In a series of 
82 cases reviewed by 1 )r. Mary Tom in my department the percentage 
as regards the primary site was as follows: lung, 22; breast, 15; large 
intestine, 11 ; malignant melanoma, 8. The secondary tumors are often 
multiple. The course of the disease is apt to be more acute than in the 
case of a primary tumor. Diffuse involvement of the meninges may be 
the result of invasion of the subarachnoid space by a glioma (usually a 
medulloblastoma) or a secondary tumor (often a melanoma) ; sometimes 
the melanoma seems to originate in the meninges. A mantle of tumor 
(^ells may cover the brain and even the cord, and tumor cells may be 
found in the spinal fluid obtained by lumbar puncture. 
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SPINAL CORD TUMORS 

Tumors of the spinal cord are rare in (lomparison with tumors of 
the brain. The symptoms are of much lonj^er duration, the history 
sometimes extending over a considerable number of years. The 
surgical prospect is much better than in the case of the brain, espe- 
cially in the extramedullary tumors. The cord may be severely com- 
pressed, and yet when the tumor is removed function may return to 
an astonishing degree. The usual sequence of events, especially in 
extramedullary tumors, is first root pains, then the Brown-Secpiard 
syndrome (paralysis of motion and deep sensation on the side of the 
tumor, loss of pain and temperature sense on the opposite side), and 
finally paralysis of the organic? and deep reflexes. The cerebroapinal 
fiuid may show the “compression syndrome” if the canal is blocked. 
In the cul-de-sac below the obstruction the characters of the fluid are 
as follows: (1) massive spontaneous coagulation; (2) xanthochromia 
or yellow coloration of the fluid; (3) marked increase in the protein; 
(4) no corresponding increase in the cells. This is known as the Kroin 
syndrome, of which only the last two features may be present. The 
presence of a block can also be shown by the Queckenstedt sign (absence 
of the normal rise in spinal pressure when both jugular veins are 
compressed). The exact site may sometimes be determined by the 
intraspinal injection of lipiodol followed by radiography . The tumor 
may be extramedullary or intramedullary; the extramedullary tumors 
may be extradural or intradural. 

Extramedullary Tumors. These tumors are frequently benign in 
character, and there may be an interval of sev^eral years between the 
root symptoms and the appearance of any sign of pressure on the cord. 
Even when marked pressure has developed there may be little or no 
degeneration of the cord. Neurofibromas are the commonest, followed 
by^ meningiomas, and then by intramedullary tumors, of which the 
most frequent are ependymomas. Extradural tumors are uncommon. 
They are often sarcomatous in character, arising either from the outer 
surface of the dura or from the vertebne. lutradural tumors form the 
main bulk of spinal cord tumors. The growth is usually benign in 
character, being cither a meningioma or a perineurial fibroma of the 
nerve roots similar in character to the acoustic nerve tumor (possibly 
a Schwannoma). The tumor is usually oval, seldom grows to a large 
size, and shows absence of the normal cord pulsation. The cord may 
be seriously^ compressed, but is seldom invaded b,v the tumor. 

Intramedullary Tumors. -These tumors arc gliomas. Practically' 
all the forms which have been described as occurring in the brain may 
be found in the cord. Perhaps the commonest is the ependymoma, 
which arises from the ependymial cells of the (*entral canal. The 
tumor extends up and down the cord rather than horizontally, and 
the overly’ing dura may appear normal. Absence of pulsation indicates 
the lesion when the surgeon opens the spinal canal. 
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THE NERVES 

Injury and Repair.— The effects of injury can be best studied in 
section of a peripheral nerve. Attention may be confined to one of 
the individual fibers of which the nerve is composed. When a nerve 
fiber is divided from its cell of origin the distal part undergoes the 
changes known as Wallerian degeneration, which have already been 
described in connection with the general pathology of the nervous 
system. It will be recalled that all three components of the fiber 
share in these clianges. The axis cylinder disintegrates and disappears, 
the medullary sheath breaks up into droplets of myelin, and the cells 
of the sheath of Schwann im>liferate and exert a phagocytic action on 
the degenerated myelin. Similar changes occur in the proximal part 
up to the first node of Ranvier. 

But combined with the degenerative changes there is soon evidence 
of attempts at repair, just as inflammation of any tissue may pass 
imperceptibly into regeneration. The proliferated Schwann cells in 
both proximal and distal ends become arranged in the form of a tube 
along which new axis cylinders may grow out once more to the periph- 
ery. For long there was great difference of opinion as to whether the 
regeneration was peripheral, the new fibers being laid down by the 
Schwann cells (neurilemma) and joining up later with the proximal 
end, or central, the new fibers being formed as outgrowths from the 
divided proximal end. Modern opinion is entirely in favor of the cen- 
tral view, but it must be admitted that it is sometimes, difficult to 
account for the speedy return of function whudi may follow flivision 
of a nerve on the hypothesis that the new fibers have grown from the 
site of the lesion to the motor or sensory end-organ concerned. 

In the course of a few days the axis cylinder proceeds to grow out 
as a bulbous process in search of the missing distal end. This search 
will be unsuccessful if the distance between the two ends is more than 
an inch, or if the ends are separated by scar tissue. The surgeon may 
transplant a piece of nerve to close the gap when it is unduly large, 
but this piece merely acts as a bridge along which the new fibers may 
travel to the distal part. When the bulbous end of the axis cylinder 
reaches the distal portion it puts out fine fibrils which grow down the 
tubular sheath formed by the proliferated Schwann cells. These 
fibrils reestablish the continuity of the pathway and become clothed 
again, with the assistance of the Schwann ends, by a medullary sheath. 
If the distance is too great to be bridged or if the part supplied by 
the nerve has been amputated, the axis cylinders may coil up so as to 
form a nodule capped by fibrous tissue. Such a mass at the end of a 
nerve, composed of nervous and fibrous tissue, is called an amputation 
neuroma (stump neuroma). Some degree of sensation may reappear 
fairly quickly, but complete restoration of function, even when the 
cut ends are brought into accurate apposition, seldom occurs in less 
than three or four months. 

The process which has just been described is only seen in the peri- 
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pheral nerves. In the central nervous system the fibers do not possess' 
a sheath of Schwann, so that while Wallerian degeneration takes place 
as before, real repair is impossible. 

Neuritis.— The term neuritis signifies inflammation, but the lesions 
are for the most part degenerative rather than inflammatory. Direct 
infection of a nerve produces true inflammation known as interstitial 
neuritis, and likely to be confined to a single nerve. The degenerative 
form is known as todcic neuritis, because it may be caused by diffusely 
acting toxins. It is therefore frequently multiple, and is known 
clinically as multi'ple jjeripheral neuritis or polyneuritis. 

Polyneuritis can be produced experimentally by means of a diet 
deficient in vitamin Bi. Similar lesions are seen in cases of human 
avitaminosis, such as beri-beri. It is probable that dietary deficiency 
is a commoner cause of polyneuritis than was formerly believed. For 
instance alcoholic neuritis is now thought to be due to avitaminosis 
caused by chronic gastritis and consequent interference with digestion. 
Such cases might better be called polyneuropathy than polyneuritis. 

Toxic Neuritis.— The toxins which cause this common form of 
neuritis may be inorganic or organic. A long list of poisons could be 
given, but the more important ones are lead, arsenic, alcohol, (Vavitam- 
inosis), diphtheria toxin, and some metabolic poison produced in dia- 
betes. Neuritis may follow septic conditions and many of the infectious 
fevers. In some cases no cause can be found. It is the small nerve 
twigs which are affected first and to the greatest degree, so that the term 
peripheral neuritis is well chosen. As the nerve is traced upward the 
condition becomes progressively less. The changes are similar to those 
of Wallerian degeneration following division of a nerve, but are less 
severe and complete. "I'he axis cylinders degenerate and may show 
varicose swellings, but they do not disappear. The medullary sheath 
breaks up into droplets of myelin. (Pig. 467.) The Schwann cells pro- 
liferate and become phagocytic for the degenerating myelin. The 
muscle fibers supplied by the degenerated norve show fatty and other 
retrogressive changes. As the nerve degeneration is seldom complete, 
recovery is the rule. But if the action of the toxin is long-continued, 
the interstitial connective tissue may proliferate and may replace the 
nerve fibers, with permanent impairment of function. The symptoms 
depend on the type of nerve affected. There may be paralysis and 
wasting of muscles (dropped wrist and dropped foot in alcoholic or 
lead neuritis), anesthesia, incoordination, loss of reflexes, and trophic 
disturbances. 

Interstitial Neuritis. —This form of neuritis is usually caused by 
bacterial invasion of the nerve from some neighboring septic focus, 
so that the distribution is asymmetrical, although more than one nerve 
may be involved. Other forms of irritant are cold, which is a common 
cause of facial nerve paralysis (Bell’s palsy), and pressure from a crutch. 
The nerve is swollen and red. The interstitial tissue is congested and 
infiltrated with leucocytes, or may show little beyond edema. The 
exudate may be confined to the sheath of the nerve. The medullary 
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sheaths of the fibers may undergo some secondary degeneration, but 
the axis cylinders preserve their integrity, so that when the pressure of 
the exudate is withdrawn there is restoration of function. The Schwann 
cells proliferate and take on a phagocytic function. 



Fig. 40S. Neurofibroma (Schwan- 


Fig. 4fi7. — Domyelination noma) showiiiK palisading of nuclei, 

in toxic neuritis. X 510. X 225. 

Tumors.— The tumors of nerves form a remarkably confusing and 
complex subject regarding which a large amount might be said with 
out adding very much to the reader’s knowledge. Newer staining 
methods and increased knowledge of nerve histology should have 
brought better understanding, but they have served rather to make 
confusion worse confounded. “The histology of the nerve trunk seems 
quite simple and well understood if one reads but a single authorita- 
tive paper on the subject, but should one read several it will take 
on more and more complexity” (Foot). The chief cleavage of opinion 
is as to which constituent of the nerve the neurinoma or ordinary 
nerve tumor arises from. This is commonly believed to be the connec- 
tive tissue of the perineurium (Mallory, Penfield), and the tumor is, 
therefore, called perineurial fibroma or fibroblastoma. On the other 
hand Masson and other members of the French school maintain that it 
arises from the cells of the sheath of Schwann, and call it a Schwann- 
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oma. This cleavage may be illustrated by the fact that in 1940 Tarlov 
published a paper proving that by a special silver technique it was pos- 
sible to differentiate the fibroblasts of the nerve from the Schwann 
cells, and that only fibroblasts were present in neurinomas which are, 
therefore, perineurial fibroblastomas, whereas in the very next paper 
in the same journal Murray and Stout, employing tissue culture 
technique to differentiate the two types of cells, proved that the tumors 
are Schwannomas ! Disregarding controversy and employing generally 
accepted terms the following main types may be recognized: (1) neuro- 
fibroma (perineurial fibroma, neurinoma. Schwannoma) a conventional 
name indicating a nerv^e tumor resembling a fibroma without regard to 
its cell of origin; (2) neurofibromatosis (von Recklinghausen’s disease); 
(3) neurogenic sarcoma, and (4) nerve nevus. 

No matter which view may be adopted, an examination of the 
diflerent tumors will show the following common features: long, 
slender, wire-like fibers with elongated nuclei which have a tendency 
to be arranged in parallel or palisade fashion (Plate XXIX and Fig. 
468); in addition to the palisading, which always suggests a nerve 
sheath origin, the nuclei may be grouped in eddies and streams. The 
more benign the tumor, the more pronounced are these features. The 
palisading is perhaps best seen in the acoustic nerve tumor and the 
similar tumors which occur in the spinal nerv^e roots, while the w^horls 
are characteristic of meningioma. In the more malignant forms these 
characters tend to be lost. Penfield and Young have recently recorded 
a case of multiple neurofibromata, acoustic nerve tumor, similar tumors 
on several of the other cranial nerves, and multiple meningiomas. 

Neurofibroma.— This is a benign tmnor which forms a round or 
fusiform firm white mass on the course of one of the larger nerves. It 
is attached to the sheath of the nerve, but the nerve fibers are not 
incorporated in the tumor, so that the term perineurial fibroma appears 
to be justified. Microscopically it is composed of long slender cells, the 
elongated nuclei of which are arranged in palisades or show whorls and 
eddies. This structure is identical with that of the acoustic nerve 
tumor, which also is a perineurial fibroma. 

Neurofibromatosis (Von Recklinghausen’s Disease).— In this peculiar 
and often familial condition there are large numbers of tumors, some- 
times several hundreds of them, growing from the fine cutaneous 
nerves, so that the condition is also known as multiple neurofibromata. 
They form soft nodules in the skin (moUuscvm fibrosuvi) , and may be 
distributed over the entire body. The skin is often pigmented in 
patches, or there may be groups of browm spots like freckles. This 
is of great interest in relation to the nervous origin of nsevi (see below). 
Moreover some members of a family may develop nerve tumors, while 
others only have spots of pigment. Peculiar soft overgrowths of con- 
nective tissue may occur, causing great enlargement of a limb, a form 
of elephantiasis. It is probable that the terrible deformities of the 
Elephant Man in Treves’ story were due to this cause. Megacolon, 
giant appendix, and other similar overgrowths have been described 
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in connection with similar lesions of the visceral nerves. It seems 
justifiable to regard the condition as more of a connective-tissue 
reaction that is part of a general process than as a simple tumor, 
neurofibromatosis rather than neurofibroma. Acoustic nerve tumor 
and meningioma may be associated with the condition, and there is 
always some intermingling of perineurial fibromatous tissue. Micro- 
scopically the same general picture is seen once again, but the struc- 
ture is much more mixed. The characteristic tissue has a tangled or 
reticular structure, which suggests a malformation rather than a neo- 
plasm; this tissue does not show palisading or whorls. It often under- 
goes a jelly-like hyaline degeneration. Superimposed on this reticular 
tissue is a varying amount of tissue of neurofibromatous type with pali- 
sades and whorls. When special stains are used nerve fibrils can be 
seen passing through the mass; this never occurs in a neurofibroma. 
It would appear that in von Recklinghausen's disease all the elements 
composing the nerve are involved in some degree, possibly due to 
failure of the insulating function of the sheath of Schwann. 

Although multiple neurofibromas occur especially on the cuta- 
neous nerves, they are also found on the deeper and visceral nerves 
as well as on the cranial nerves. These deeper growths are prone to 
undergo sarcomatous change, and this is a frequent cause of death in 
von Recklinghausen’s disease. Sometimes there is a diffuse neuro- 
fibromatosis with widespread overgrowth of the endoneurium and 
separation of the nerve fibers, a condition known as plexifomi neuroma. 
This usually occurs in the head and neck, especially in the distribution 
of the fifth cranial and upper cervical nerves. Sometimes the main 
nerve trunks are involved, a condition which is often familial and to 
which the misleading name of familial hypertrophic neuritis has been 
given in the past. 



Fig. 469. — Neurogenic sarcoma showing the fasciculated arrangement. X 300. 


Neurogenic Sarcoma.— Malignant tumors may arise from neuro- 
fibromas and from neurofibromatosis. Ewing and other members of 
the Memorial Hospital group also believe that the great majority 
of what have formerly been regarded as fibrosarcomas of the soft 
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parts are derived from nerve sheaths and should be called neurogenic 
sarcomas, although no connection with nerves may be demonstrable. 
They form single, slowly-growing, infiltrating tumors, usually in the 
subcutaneous and intermuscular tissue of the arm and leg, the com- 
monest location being the thigh. More rarely they occur in the 
viscera. MicroscopicaUy the tumor consists of elongated cells or fibers 
arranged in interlacing bundles and whorls showing a “curly* * arrange- 
ment, in contrast to the parallel disposition of the fibers of a fibroma, an 
appearance always suggestive of a neurogenic origin. (Fig. 469.) There 
is not the palisading of a neurofibroma, the cells are more swollen, and 
there may be mitotic figures. 

Nerve Nsevus.— We have already seen in Chapter X that the nsevus 
and malignant melanoma of the skin are most probably derived from 
specialized sensory end-organs. The neurogenic origin of the pig- 
mented tumors is of interest in view of the frequent occurrence of 
patches of pigmentation in multiple neurofibromatosis. 

DEFECTS OF DEVELOPMENT OF THE NERVOUS SYSTEM 

BTain.—Anencephaly is a condition in which the cranial vault is deficient 
and practically the entire brain is missing with the exception of some nervous 
tissue at the base of the posterior cranial fossa. The spinal cord may be 
absent except for some flattened plates of nerve tissue, yet the nerves are 
well developed, as is the body in general. The explanation of this is not 
evident. There is a remarkable atrophy of the adrenal cortex in the anen- 
cephalic monster; the nature of this atrophy is discussed in Chapter XXVIII. 
The condition is incompatible with life. There may be a deficiency in the 
skull, usually in the line of a suture, with protrusion of the contents of the 
cranial cavity. A protrusion of the meninges is called a meningocele^ which is 
a sac filled with cerebrospinal fluid and communicating with the subarachnoid 
space. An encephalocele is a protrusion of the brain substance, a condition 
often associated with and dependent upon hydrocephalus. Microcephaly is a 
condition in which the brain, usually the cerebral hemispheres, remains small. 
The convolutions may not develop, a condition of microgyria. Porencephaly 
is a lack of development of a superficial part of a hemisphere; the resulting 
space is filled with fluid, covered by membranes, and usually communicates 
with the lateral ventricle. 

Amaurotic family idiocy may be mentioned here, as it is essentially a con- 
genital defect. It is also known as Tay-Sach's disease, is congenital in charac- 
ter, and confined to Hebrew infants. The first-born are rarely affected, but 
when one child has had the disease the subsequent children seldom escape. 
The symptoms are idiocy, muscular weakness, and rapidly developing blind- 
ness (amaurosis), so that the disease is w'ell named. There is a characteristic 
cherry-red spot at the macula. The brain is small and hard. There is wide- 
spread degeneration of the cells and fibers of the cerebral cortex, the anterior 
and posterior horns of the cord, and the posterior root ganglia. The affected 
cells both in the brain and in the retina are filled with lipoid (Fig. 470), so 
this is really a lipoid storage condition and may be regarded as a vmety of 
Niemann-Pick*s disease. Tuberous sclerosis is a congenital condition in which 
tumor-like masses of neuroglia are scattered through the brain. The gUal 
cells are chiefly large astrocytes. The condition is often associated with 
congenital malformations in other organs. Hydrocephalus is cominoner than 
any of the above conditions, but it has already been described earlier in this 
chapter. 
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Spinal Cord.— The spinal canal may remain entirely open especially in the 
lumbar region, a condition known as rhachiachisis and often associated with 
anencephaly. Spina bifida is a much more common and important condition, 
in which the neural arches remain open, but the canal is closed by the soft 

parts. The contents of the canal 
are protruded under the skin to 
form a soft mass which at once 
calls attention to the condition. 
Sometimes there is no protrusion 
and swelling to indicate the de- 
fect, so that the lesion is hidden, 
a condition known as spina bifida 
occulta. Its presence is indicated 
by a patch of hair on the wrinkled 
skin covering the defect; this hair 
may resemble a small tail. As 
the lower part of the canal is the 
last to close, spina bifida is com- 
monest in the liirnbo-sacral region. 
As a rule five or six vertebrie 
are involved, sometimes only one. 
The condition occurs about once 
in every 1000 births. The con- 
tents of the sac may be of three 
varieties: (1) meningomyelocele, 
(2) meningocele, (3) syringomye- 
locele. In the meningomyelocele 
(myelocele), which is the common 
form, the cord and the nerves of 
the cauda equina are spread out 
on the wall of the sac to which 
they are attached, producing a 
dimple of the skin known as the 
umbilicus. In the meningocele, 
which usually occurs in the 
sacral region, the sac is formed by a hernial protrusion of the arachnoid, 
the cord or cauda equina remaining within the vertebral canal. The syringo- 
myelocele is a rare form in which there is great distention of the central 
canal and thinning of the cord tissue, so that the wall of the sac is the 
wall of the canal and is lined by ependymal cells. Spina bifida is often 
associated with congenital hydrocephalus. Sacro-coccygeal tumors of develop- 
mental origin occur at the lower end of the spinal canal. Some of these 
are true teratomata, containing well-formed adult tissue. Dermoid tumors, 
lipomas and cysts may be present either inside or outside the canal. Other 
tumors appear to arise from remains of the neurenteric canal. Or these remains 
may be represented by a depression over the tip of the coccyx (the ^^postanal 
dimple”), or by a channel lined by skin furnished with hair, sweat and sebace- 
ous glands, and known as the pilonidal sinus, pilonidal meaning a nest of hair. 
The chief symptoms are paralysis of the bladder and rectum, weakness in the 
muscles of the legs leading to clubfoot, trophic ulcers, etc.; these are caused by 
pressure on the nerve centers. In spina bifida occulta the symptoms appear 
to be due to a fibrous cord stretching from the skin through the vertebral 
defect to be attached to the termination of the cord. As the vertebral column 
grows faster than the cord, it is evident that there will be an increasing degree 
of traction on the cord with the production of symptoms which may be very 
puzzling until the defect is discovered. 



Fig. 470. — Amaurotic family idiocy. The 
cortical nerve colls arc greatly distended with 
lipoid, which displaces the nucleus to one side. 
X 375. 
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CHAPTER XXXII 


THE BONES 

Descriptive Outline. — In describing disease in bone the following structures 
should be considered: periosteum, shaft, medullary cavity, epiphyseal car- 
tilages (if still present), epiphyses, and articular cartilage. The bone-marrow 
varies in different bones and at different ages. In childhood all the marrow 
is red, but with the approach of adult life the red becomes converted into 
yellow marrow in the shaft of the long bones. The marrow of the flat bones 
(skull, sternum, ribs, vertebra) and pelvis) remains red. 

THE PHYSIOLOGY OF BONE 

The anatomy of hone is a commonplace subject with which every- 
one is acquainted. The physiology of bone is a little less familiar. 
Bone does not serve merely as a rigid support. It is the great calcium 
and phosphorus rescr\'e of the body, a reserve which is bi*ing continu- 
ally drawn upon or added to, so that its structure is not fixed and 
permanent. Jt is composed of living cells and hyaline matrix impreg- 
nated with calcium salts. The vital character of bone is illustrated 
by the words of Sir Charles Bell, written more than a hundred years 
ago: “Scrape a bone and its vessels bleed; cut or bore a bone and its 
granulations sprout up; break a bone and it will heal; burn it and it 
flies.” The cells are of two kinds: (1) Adult bone cells lodged in 
lacunar spaces surrounded by matrix; (2) osteoblasts, i. e., osteogenic 
cells of a specific nature but not completely differentiated, which form 
a more or less continuous investment for the bone in the deep layer 
of the periosteum, in the Haversian canals, and in the endosteum. 
Most of the tissues contain about G mg. of calcium per 100 cc., but in 
bone the figure rises to 10,000 mg. The normal blood calcium varies 
from 0 to 11 mg., with an average of 10 mg. Cndcr normal conditions 
a state of equilibrium exists between the calcium in the blood and that 
in the bones, but in disease it may be seriously disturbed. The cal- 
cium is absorbed from the food in the small intestine, and is excreted 
by the large intestine and to a lesser extent by the kidney, '^riie 
calcium in the bone is combined with phosphorus in the form of calcium 
phosphate, which constitutes 80 per cent of the mineral content of the 
matrix, the remainder consisting of calcium carbonate and magnesium 
pho.sphate. 

The complex problem of osaifiration will not be discussed here. It 
may be said, however, that it is becoming increasingly evident that 
the deposition of calcium and phosphorus in the osteoid tissue which 
is the precursor of true bone is a physico-chemical process in which 
the physico-chemical nature of the matrix is a factor of great im- 
( 950 ) 
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portance. This is shown by the experiment of Wells, who trans- 
planted boiled cartilage from one animal into the tissues of another 
animal, and found that the transplanted material, though dead, soon 
became calcified. A second factor which determines the laying down 
of calcium salts is the action of phosphatase , an enzyme which hydro- 
lyzes the phosphoric esters into inorganic phosphates. This enzyme 
is produced by the bone cells, but is most abundant in young grooving 
bones and in the layer immediately below the periosteum which is rich 
in osteoblasts. It is not present in young cartilage until a center of 
ossification appears. The much-debated question as to the part which 
the periosteum plays in bone formation will be discussed in connection 
with the repair of a fracture. Sometimes mctaplastic ossification (to be 
distinguished from metastatic calcification) may occur, owing to a 
tissue other than osteoid becoming transformed into bone. In this 
way there may be bone formation in the walls of arteries, in the scars 
of abdominal wounds, and in the tonsil. It is hard to find a satisfactory 
explanation of this process. 

Calcification is the term applied to the deposition of calcium in tissue 
which is not osteoid. The process is discussed at length in Chapter 
II. Metastatic calcification occurs when (*alcium is removed from the 
bones as the result of some rarefying process and is deposited in other 
tissues. Hyperparathyroidism affords one of the best examples. 

Absorption of Bone.— Tlicre is no tissue in the body which is capable 
of so much overgrowth or on the other hand so much absorption as 
bone. The cause of the absorption may be general (hyperparathyroid- 
ism) or local (pressure, etc.). It occurs in old age, from disuse, as the 
result of acute and chronic inflammation, and due to tumor and 
aneurism. The removal of the excess callus of a fracture and of a 
sequestrum (dead bone) are excellent examples. Bone undergoing 
absorption is softer, more easily cut, and bleeds more readily because 
of its greater vascularity. It can be recognized in the roentgen-ray 
picture by the decreased density of the shadow. 

There are two chief factors in the absorption of bone: (1) vascular 
absorption, and (2) the action of osteoclasts. (1) Vascular absorption 
is the powerful factor. In ordinary compact bone the bhx^d vessels 
run longitudinally in a series of channels called the Haversian canals, 
around which the bony lamelUe are grouped, and transversely from the 
periosteum in \\)lkmann’s canals. Persistent vascular dilatation is 
followed by widening of the canals at the expense of the bone, and if 
inflammatory granulation tissue is formed within them, as in tuber- 
culosis, the absorption becomes very marked, a condition of rarefac- 
tion or osteoporosis. Primary removal of the calcium salts, as in 
hyperparathyroidism, is also followed by widening of the canals and 
the formation of granulation tissue within them, but these changes 
have now become effects rather than causes of the absorption of bone. 
This primary removal of calcium is known as halisteresis (hals, salt; 
steresis, privation) or osteolysis. It would appear that in primary 
vascular resorption the mechanism by ^^hich the calcium is removed 
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and the canals widened is a physico-chemical one. In inflammation 
there are probably local changes in the hydrogen-ion concentration 
that lead to solution of calcium and the production of narrow zones 
of decalcification around the vessels which allow the vascular canals 
to become dilated. Any local excessive production of carbon dioxide 
tends to cause solution of calcium, for the solubility is affected directly 
by the carbon dioxide tension of the blood and tissue fluids. The 
reaction which takes place at the line of contact of dead and living bone 
is of this nature, although inflammation is also a factor here. For 
these reasons only well-vascularized living bone can be absorbed 
quickly. Dead bone is absorbed slowly by osteoclasts. 



Fig. 471. — Three multinucleatcd osteoclasts above and to the left of a bone trabecula, 
the lower margin of which is lined by osteoblasts. X 300. 


(2) Osteoclasts may be absent or they may dominate the process. The 
osteoclast or bone phagocyte is a large cell with strongly acidophilic 
and granular cytoplasm; it is often multinucleated, containing a few 
or a large number of nuclei. (Fig. 471.) It is from the osteoclasts 
that the foreign body giant cells of bone are derived. It may show a 
fringed or toothed border (brush border) along the edge in contact with 
bone. Howship's lacunae on the surface under the periosteum are 
produced by the osteoclasts. The phagocytic action of osteoclasts is 
most readily studied in the removal of small fragments of bone which 
have become separated. Large foreign body giant cells are formed for 
this purpose. It is probable that decalcification must first occur before 
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the osteoclast can exert its phagocytic action. This chemical change 
is brought about by the tissue juices, possibly by the osteoclasts them- 
selves. 

There may be too little bone either because bone resorption is too 
great (osteitis fibrosa) or because there is deficient deposition of bone. 
The latter may be due to failure of the osteoblasts to lay down an 
organic matrix (osteoporosis) or to failure in deposition of calcium in 
this matrix (osteomalacia). Osteoporosis often occurs from disuse, 
as the stresses and strains of action seem to stimulate the fibroblasts. 
In old age osteoblastic activity flags, giving senile osteoporosis. 
Osteoporosis is often seen in women after the menopause, at a time 
when the body is no longer liable to be called upon to form bone for 
babies; this may be called post-menopausal osteoporosis (Albright 
et aL). 

Owing to the readiness with which bone formation and bone absorp- 
tion can occur, a remodelling of bone is continually taking place. Bone 
tissue is very sensitive to demands made upon it and resi>onds readily 
to these demands. It is hardly too much to say that every change in 
the function of a bone is followed by definite changes in its internal 
architecture. As the result of a fracture the lines of stress in a bone 
may change as if it was one of the most plastic of structures. 

Reference may be made here to the novel views on the physiology and 
pathology of bone formation which have been advanced by Leriche and 
Policard, and which are well summarized in Greig^s book on The Surgical 
Pathology of Bone. According to these observers bone formation is preceded 
by the formation of a young mesenchymal tissue which they call an ossifiable 
medium. In this medium there is deposited a firm, highly refractile, homo- 
geneous material, the preosseous substance, and it is in this substance that 
calcium is deposited from the surrounding lymph. For ossification to occur 
two requisites arc necessary: (1) an adequate blood supply, and (2) an adequate 
supply of calcium. Thus it is the local circulatory adjustments which are 
all-important; the activity of osteoblasts is not essential. This view serves 
to explain the heterotopic or metastatic formation of bone in connective tissue 
where no osteoblasts are present. Leriche, and Policard emphasize the impor- 
tance of circulatory disturbances in modifying the structure of bone. Hyper- 
emia is followed by decalcification and osteoporosis, lessened circulation by 
osteosclerosis, and loss of blood supply by necrosis. In a fracture the destruc- 
tion of cells liberates stimulating substances such as histamine and acetyl- 
choline; these cause local hyperemia, which in turn leads to rarefaction and 
the removal of spicules and sharp edges of bone. The hj^'peremia subsides, 
fibrous tissue formation still further diminishes the blood supply, and the 
new bone which is formed becomes denser than normal. The chief value of 
a bone graft is to supply the abundance of local calcium which is necessary for 
the formation of new bone. 

Repair of Bone. —The repair of bone is best studied in the healing 
of a fracture, either in human material or in experimental fractures in 
animals. Adult bone cells have lost the power of proliferation so that 
they play no part in the regeneration of bone. Repair is carried out 
entirely by the osteoblasts which line the deep layer of the periosteum, 
the endosteum, and the Haversian canals. The deep cellular layer 
of the periosteum is a striking structure which must be seen to be 



Fig. 472. — TToaline of exporimental fractures. X 14. A, Throe days (subperiosteal 
osteoblasts) ; li, seven days (osteoid); C, fifteen days (abundant callus';; D, six weeks 
(diminished callus beiiiR converted into bone). (Boyd, Surgical Pathology, courtesy of 
W. B. Saunders Company.) 
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appreciated. It is much more abundant in young bone, and can be 
seen to react exuberantly after a fracture. Osteoblasts are present 
both in the periosteum and the surface layer of bone, so that repair 
can occur either with or without the periosteum. The essential 
function of the periosteum is to supply the outer part of the bcnie with 
blood. Removal or separation of the periosteum is apt to be follow^ed 
by death of this part of the bone. 

Healing of a Fracture . — This takes place in three stages: First granu- 
lation tissue forms in the exudate between the broken ends of bone 
then osteoid tissue is formed, and finally calcium salts arc deposited 
with the production of bone. (1) As a result of the fracture, blood and 
a varying amount of exudate are poured out between and around the 
ends of bone. This is invaded by cells and new^ capillaries, and a 
kind of granulation tissue is produced. The proliferating cells are 
osteoblasts, derived for the most part from the deep layer ojf the peri- 
osteum. The proliferation of osteoblasts is of an extraordinarily rapid 
and massive character; indeed, there is no other non-malignant process 
which is quite comparable with it. (Fig. 472, A.) (2) In the course of 
four or five days the osteoblasts form trabeculie around central spaces 
which become Haversian canals. This is osteoid tissue, i. e., tissue 
resembling bone in its structural arrangement but w ith no calcium salts 
in its homogeneous matrix. (Fig. 472, B.) The osteoid tissue, also 
known as callus, becomes increased in amount so as to act as a splint, 
liy the end of the second w’eek it is remarkably abundant. (Fig. 472, 
(\) (3) Finally calcium is laid dow n, and the ends are knit together by 
rigid, fully formed bone. (Fig. 472, D.) Low blood calcium produced 
by deficient diet does not slow* the rate of healing or lead to non-union. 
In the immediate neighborhood of the fracture the bone cells die. Near 
the fracture the osteogenic cells proliferate in massive fashion, and may 
form cartilage instead of bone. This cartilage formation is most 
marked when there is movement or separation of the fragments. The 
new cartilage is invaded and replaced by bone. This is ossification in 
cartilage, as compared wdth the process just described which cor- 
responds to ossification in membrane. 

'llie new" material formed at the site of the fracture is knowm as 
callups on account of its hardness. In the later stages it may become 
calcified, but at first it is osteoid in character. Some of it is external, 
ensheathing the broken ends like solder; sojue is intermediate, forming 
a direct union betw^een the fractured surfaces; some is internal, filling 
the marrow" cavity. '^Fhe internal and external callus is removed by 
osteoclasts, and the bone undergoes a process of molding which goes 
on for months, and results in a rearrangement of the lamellae to meet 
the new stresses. If the gap between the fragments is not bridged by 
osteogenic cells in a certain time, fibroblasts wdll fill the gap w"ith fibrous 
tissue the matrix of which has no special affinity for calcium salts 
(non-union or fibrous union). 

Fate of a Bone Graft.— When a piece of bone is transj)lanted to 
another position the greater part of it dies. Dead bone can be easily 
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recognized under the microscope from the shrivelled appearance of the 
bone cells and the fact that large numbers of the lacunae are empty. 
The part of bone bathed by the body fluids remains alive, i. e., the 
surface, the lining of the medullary cavity, and the Haversian canals. 
The cells in these places are osteoblasts, so that osteoblastic activity 
is soon apparent. But much more striking, especially in the earlier 
stages, is bone removal. New vessels from the surrounding tissue 
grow along the Haversian canals, so that the bone becomes revascular- 
ized and is at the same time absorbed. Multinucleated osteoclasts 
also attack the graft, and many foreign body giant cells may be formed. 
The removal of the graft is gradually brought about by the two great 
processes already studied, i. e., vascular absorption and osteoclastic 
activity. In the course of six months if the graft has no function to 
perform it is merely represented by an atrophic mass of fibrous tissue. 
On the other hand if it becomes a functioning structure, as when it is 
in continuity with another bone, osteoblastic activity is combined 
with absorption, and gradually it becomes the dominant process. The 
graft may finally become converted into living healthy bone. If the 
graft is taken from an animal of another species, none of the osteoblasts 
will survive. 

ACUTE OSTEOMYELITIS 

The term osteomyelitis indicates inflammation of bone and bone- 
marrow. But it is really an inflammation of the soft parts of bone, 
z. e,, the contents of the medullary cavity and the Haversian canals, 
together with the periosteum. It is a boil in a bone. The calcified 
portion takes no active part in the process, but it suffers secondarily 
from the loss of blood supply, and a greater or less portion may die. 

Etiology.— Osteomyelitis may be: (1) hematogenous, or (2) non- 
hematogenous in origin. In the non-hematogcnous form the infection 
may come (a) from without, or (6) by extension. In children and 
adolescents (those with growing bones) osteomyelitis is due to a hema- 
togenous infection. The common infecting organism is Staphylococcus 
aureus. Next in frequency come Staphylococcus albus, Streptococcus 
pyogenes. Pneumococcus (especially in babies and young children). 
Bacillus coli, and Bacillus typhosus. The staphylococcus often enters 
the blood stream through the skin, and it is common to find a healing 
boil if the whole body is carefully examined. In other cases the throat, 
teeth, and tonsils may be suspected. Trauma is often given as a pre- 
disposing cause, but this is so common in a young boy that it is difficult 
to be sure of its significance. 

In adults hematogenous infection is rare. When it does occur the 
disease is much less acute. Infection is most likely to be introduced 
from without, as in a compound fracture, gunshot wound, etc. In chil- 
dren also the infection may be local in origin, as in osteomyelitis of the 
mandible from an infected tooth, or inflammation of the mastoid 
process from middle-ear suppuration. 
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Symptoms. — Acute hematogenous osteomyelitis is a disease of children, 
commonest in boys in the second decade. It is a disease of growing bones, 
rarely seen in the adult. It commences with the signs of an acute infection, 
i. c., chills, high fever, rapid pulse, leucocytosis, and positive blood culture. 
There is severe pain and tenderness at the end of one of the long bones, together 
with redness, swelling, and edema. Death may occur from septicemia or 
pyemia (endocarditis, abscesses in the kidneys, etc.), or if treatment is inade- 
quate, the disease may become chronic. As the initial lesions are confined 
to the soft parts of the bone, there are no characteristic roentgen-ray changes 
in the earlier stages of the disease. 

Lesions. — In this description of the lesions it is presumed that we 
are dealing with the hematogenous osteomyelitis of children. The 
bones most often affected are the femur and tibia (much exposed to 
trauma and strain), followed by the humerus. The infection starts in 
the metaphysis — the part of the shaft which borders on the epiphyseal 
line in a growing bone. This region possesses a peculiarly rich blood 
supply, and the branches of the nutrient artery end in sharp hair-pin 
bends in which clumps of bacteria are readily arrested. It can be 
shown experimentally that this is the part of the bone which suffers 
most ill sudden twists and strains. In adults the disease may start 
in any part of the bone. 

The initial lesion is a focal suppuration (abscess) of the cancellous 
bone at the end of the shaft. Infection spreads rapidly in two direc- 
tions: (1) along the medullary cavity, and (2) outward to the cortex. 
Pus is formed beneath the periosteum and lifts that membrane from 
the bone, at the same time making its way along the outside of the 
shaft. From there it may penetrate the Volkmann canals which run 
at right angles to the surface, and thus infect the marrow at lower 
levels, so that the central infection may be spotty in character. Owing 
to the inflammatory swelling there is a great increase of tension within 
the rigid walls of the cancellous spaces and the Haversian canals, so 
that the vessels are compressed and their lumen obliterated. Many 
of the vessels are found to be thrombosed, and the septic thrombi form 
the chief menace of osteomyelitis, namely the formation of pyemic 
abscesses throughout the body. These three factors, the raising of 
the periosteum from the bone which it supplies with blood, the in- 
creased tension and vascular compression within the bony canals, 
and the thrombosis have one effect in common: they cut off the blood 
supply from the calcified part of the bone, with the result that a 
varying portion of the shaft dies. The denuded surface of dead bone 
has an opaque white appearance and does not bleed when scraped. The 
fatty tissue of the marrow is destroyed and is converted into an oily 
pus. The adjacent joint is often filled with a sterile serous effusion. 
Sometimes the infection may pass to the epiphysis, perforate the 
articular cartilage, and invade the joint, setting up a suppurative 
arthritis. 

The dead bone becomes separated from the living by the action of 
osteoclasts, forming a sequestrumy which can be lifted out freely when it 
is exposed at operation. But in the meanwhile the periosteum is not 
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inactive. Although it is separated from the bone, some of the cells of 
the osteogenic layer usually survive, and when the acuteness of the 
infection is past these osteoblasts lay down new bone over the seques- 
trum in the form of a neiv case or involucrum. A mild septic infection 
always acts as a powerful periosteal stimulant, and the vigorous 
osteogenesis may be indicated by the 'presence of spicules and processes 
of bone on the surface. If the infection is very severe, all the osteoblasts 
may be destroj'ed, so that no new bone is formed. The involucrum 
is perforated here and there by cloacx or sewers through which passes 
the pus produced by the irritation of the dead bone. (Fig. 473.) 

Nature is unable to deal with 
this state of affairs, and the 
dead shaft remains locked up 
within the rigid involucrum 
without any chance of being 
absorbed. Without surgical in- 
terference this stage may last 
indefinitely. Amyloid disease 
may develop after a time as a re- 
sult of the long-continued sup- 
puration. Bones developed in 
membrane, e, < 7 ., flat bones of the 
skull and upper jaw, are not re- 
produced to any extent. 

Osteomyelitis due to hemolytic 
streptococci differs in several re- 
vspects from the usual staphylo- 
coccal form. Sequestrum for- 
mation is rare, "iliere is no 
chronic phase of the disease, nor 
does the infection reappear later 
Fio. 473.-Osteomyelitis of upper end of ^^her boneS, SO that tile 

tima showing new bone formation and , , i 1 n’li 

cloaca. prognosis IS much better. Ihc 

flat bones are often involved. 

Osteomyelitis of the spine usually commenc^es in the neural arches of 
the ^’^ertebrse, although in the cervical region it is more likely to start 
in the vertebral bodies. When it begins in the neural arches the pus 
spreads backward, when it begins in the bodies it spreads forward, 
and may cause a retropharyngeal abscess. Death is likely to result 
from septic meningitis. 

The Relation of Symptoms to Lesions.—The chief symptoms of acute 
osteomyelitis is pain and tenderness at the end of one of the long bones. This 
is due to the extreme tension within the unyielding bone caused by the violent 
inflammation. The septicemic and pyemic symptoms arc explained by the 
readiness with which the infected material and septic thrombi pass from the 
sinusoids of the marrow into the veins and the general circulation. 

Chronic Osteomyelitis.— If acute osteomyelitis is not adequately treated, 
t. c., if the focus of suppuration is merely incised, the condition may become 




TUBERCULOSIS OF BONE 


959 


chronic and drag on until the patient dies of amyloid disease. But it may 
be more or less chronic from the beginning, with no definite history of an 
acute attack. Such a condition is known as a Brodie^s abscess, a chronic 
circumscribed focus of suppuration at the upper end of the tibia, lower end 
of femur, upper end of humerus, and occasionally elsewhere. During periods 
of quiescence there is a small cavity surrounded by dense bone and containing 
a little serous fluid, but during periodic exacerbations the cavity is filled with 
pus from which staphylococ(n may be isolated. Typhoid osteo7nyelitis is a 
chronic infection which usually appears about two months after the acute 
illness, but there may be an interval of several years. The bacilli have been 
isolated twenty years after the original infection. The upper end of the tibia, 
the ribs and the sternum are the common .sites. 

Non-suppurative Epiphysitis. — Of recent years a group of cashes has come to 
be recognized, in which there is a quiet necrosis of the epiphysis of a bone in 
young children. The best recognized form is that known as Legg- Perthes^ 
disease, an osteochondritis deformans affecting the head of the femur, but 
KohlePs disease of the scaphoid and Kienhoch^s disease of the os lunatum belong 
to the same group. The center of ossification of the head of the femur, scaphoid, 
etc., is broken down and necrotic, so that several small sequestra may be 
formed, but without any pus. The condition is probably the result of a very 
low-grade infection, which clears up in time, so that complete spontaneous 
recovery is the rule. In Legg-Perthes’ disease there is a remarkable flattening 
of the head of the femur, the neck being stunted and thick, giving a roentgen- 
ray picture from which a diagnosis can readily be made. Limp is the chief 
symptom, and there is usually little or no pain. 

TUBERCULOSIS OF BONE 

Tuberculosis of bone is a chronic osteomyelitis occurring in early 
life, displaying an excess of bone destruction over bone formation, yet 
with a tendency toward limitation of spread and spontaneous healing. 
The disease begins in spongy bone, and is commonest in the vertebne, 
the small bones of the hands and feet, and the ends of the long bones 
including both metaphysis and epiphysis. As in the case of acute 
osteomyelitis, the region of the knee (lower end of femur and upper 
end of tibia) is a common site. There may be more than one focus; 
in the vertebral column tliis is the rule, not tlie exception. The infec- 
tion is usually hematogenous, being carried to the spongy bone by 
the blood stream from a distant focus in lung, lymph nodes, etc., 
although occasionally no evident focus can be found. The infection is 
bovine in type in about 20 per cent of cases of all ages. In children the 
percentage is considerably higher. Trjiuma probably plays a pjirt in 
inducing the bacilli to settle down, as Qiui be shown experimentally, but 
the trauma must be mild A severe iiijurv such as a fracture calls forth 
such a rapid reparative reaction that the bacilli have no chance to 
establish themselves. Sometimes the infection spreads from a joint to 
the epiphysis by way of the perivascular lymphatics. Bone and joint 
tuberculosis are often associated; the primary lesion may be in either 
structure. 

Lesions.— -The lesions are of two main types: (1) There may be little 
or no caseation, but an abundant formation of soft tuberculous granu- 
lation tissue. (Fig. 474.) This exerts an erosive action, as a result 
of which the Haversian canals are enlarged and the outer and inner 
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surfaces of the bone are eaten away. Osteoclasts assist in the work of 
destruction ; but it is not a wholesale destruction. Branching trabeculae 
of bone are left, the interspaces being filled with granulation tissue. 
This is a process of rarefaction or osteoporosis to which the name of 
caries is given. (2) There may be marked softening, destruction of 
bony trabeculae, and caseation, which may be followed by the forma- 
tion of tuberculous pus and a cold abscess. This type of lesion is 
characteristically seen in tuberculosis of the vertebrae. Although the 
lesions of tuberculosis are essentially destructive there may be a 
limited amount of osteosclerosis and formation of new bone. The 
periosteal osteogenic activity characteristic of osteomyelitis is never 
seen in tuberculosis, unless a septic element has been superadded. 

The infection may spread 
down the medullary cavity 
so that most of the shaft 
is involved. It may spread 
through the epiphyseal 
cartilage, or if it starts 
in the epiphysis it may 
perforate the articular 
cartilage and invade the 
joint; the articular carti- 
lage may be completely 
separated from the un- 
derlying bone. It may 
spread to the periosteum, 
where it forms a subperi- 
osteal abscess, "^rhe soft 
parts then become in- 
volved, with the forma- 
Fig. 474. — Tuberculous granulation tissue causing tion of a Cold abscesS 
erosion of bone. Several giant colls can bo seen. discharges through 

a sinus on to the skin. 

Tuberculous dactylitis is a condition in which a metacarpal or one 
of the phalanges develops a fusiform swelling as a result of diffuse 
involvement of the medulla. The interior of the shaft is absorbed and 
new bone is laid down on the surface by the periosteum, so that the 
shaft appears to be expanded. 

Tuberculosis of the Vertebrse.— This is also known as Pott’s disease 
of the spine. The vertebrae are the commonest bones affected by 
tuberculosis. The disease occurs especially in young children, and 
usually begins in the center of the body of a vertebra which is supplied 
by a branch of the posterior spinal artery. Discrete lesions are often 
present in several adjoining vertebrae. The center of the bone becomes 
caseous and the disease spreads to and destroys the intervertebral 
discs, but spares the transverse processes, spines, and articular pro- 
cesses. The destruction of the discs is of special importance, because 
in secondary carcinoma of the vertebrae, which often presents a radio- 
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logical picture very similar to that of tuberculosis, the discs are hardly 
ever involved. The bodies collapse in front, while the spines remain 
intact behind, so that an acute curvature develops with its convexity 
pointing backward. (Fig. 475.) In the rather rare peripheral form of 
adults the disease is confined to the anterior surface of the vertebrae, 
an area supplied by branches from the intercostal arteries; there is 
little or no deformity, but a large number of vertebrae may be involved. 
(Fig. 476.) 



Fia. 475 Fig. 476 

Fig. 475. — The central form of tuberculosis of the spine. The body of one vertebra 
is destroyed and collapsed, causing backward curvature of the spine. 

Fig. 476 . — Peripheral form of tuberculosis of the spine with surface involvement of 
many of the vertebral bodies. 


In children there is usually evidence of pressure on the cord. This 
is not due to the angling of the spine, but to the formation of tubercu- 
lous granulation tissue or to an accumulation of pus under the posterior 
common ligament which presses on the cord. It is remarkable how 
even severe pressure symptoms such as paraplegia may clear up when 
the weight is taken off the spine. 

A coU abscess often develops and this may trek in almost any direc- 
tion, although it is unable to travel directly backward owing to the 
posterior common ligament. It soon escapes at the sides of the^ verte- 
brae, and is then free to travel at will. In the cervical region it may 
form a retropharyngeal abscess or may appear at the side of the 
neck. In the dorsal region it may spread along a rib; when it comes 
to the surface it is very liable to be mistaken for primary disease of the 
rib unless the spine is carefully examined. In the lumbar region the 
pus enters the sheath of the psoas muscle, and passes down as a psoas 
abscess into the iliac fossa and under Poupart’s ligament; it may then 
61 
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point at the saphenous opening or may pass down the thigh as far as 
the popliteal space. The pus may enter the sheath of the iliacus instead 
of the psoas; it will then point above Poupart’s ligament. In any of 
these cites mistakes in diagnosis are frequent. When the abscess dis- 
charges on the surface a mixed infection develops, and the clinical 
picture changes very much for the worse with hectic temperature and 
rapid wasting. Amyloid disease may now develop, or the patient may 
die of general miliary tuberculosis. 

The course of the disease varies. As the spine is seldom at rest there 
is a strong tendency to progression. If the patient is kept absolutely 
at rest on his back under the best hygienic conditions an astonishing 
recovery may follow with firm fibrous union between the vertebrae. 

SYPHILIS OF BONE 

Syphilitic disease of bone is an infiammation, an osteitis, just as 
tuberculosis is a special form of inflammation. It differs from tuber- 
culosis in the following respects: (1) it affects the diaphysis of long 
bones rather than the articular ends, (2) the joint is seldom involved, 
and (3) osteosclerosis with new-bone formation is much more prominent 
than osteoporosis or rarefaction. The bones most commonly affected 
are the tibia, sternum, cranium, and the bones of the face, especially 
the nose and palate. The disease may be of the acquired or congenital 
form. The lesions may appear in the earlier or the later stages. In 
the earlier stages there is likely to be a periostitis; in the late stages 
gummatous formation is not uncommon. The two common manifesta- 
tions of bone syphilis are the periosteal node and diffuse osteitis. 

The Periosteal Nodes.— Clinically this is the characteristic lesion. It 
takes the form of a localized, firm, painful, tender swelling most fre- 
quently seen on the subcutaneous border of the tibia, but fairly com- 
mon also on the femur, humerus, and ulna. In congenital syphilis 
the tibia may present a marked forward curve, a condition known as 
“sabre-blade’’ tibia. Although the swelling is localized it is not 
sharply delimited, and gradually shades off on to the surrounding 
bone. The spirochetes appear to settle in the deeper vascular layer of 
the periosteum, and an abundant cellular granulation tissue is formed 
around the vessels not only in the periosteum but also in the mouths 
of the Haversian canals. The tension produced by this new tissue 
within the bony cranals is responsible for the nocturnal boring pains 
alluded to by the Psalmist. The underlying bone is at first rarefied 
by the granulation tissue, but sclerosis rather than rarefaction is the 
characteristic lesion of syphilis, and in time the activity of the osteo- 
blasts renders the bone denser than normal, and converts the granula- 
tion tissue on the surface into bone. Later in the disease there may 
be a gummatous periostitis, the center of the mass degenerating owing, 
in part at least, to the obliterating endarteritis which is so charac- 
teristic of luetic lesions. The gumma may ulcerate through the skin; 
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when the tough yellow slough comes away it exposes bare necrosed 
bone. 

Diffuse Osteitis —In this form, also called diffuse osteoperiostitis, 
the greater part of the shaft or the entire bone is involved from the 
periosteum to the medulla and from one articular cartilage to the 
other. The process is essentially the same as before, and a diffuse 
formation of granulation tissue with osteoporosis is followed by a 
sclerosing osteitis. New bone is laid down by the osteoblasts under 
the periosteum causing marked uniform thickening of the shaft, on 
the walls of the dilated Haversian canals causing greatly increased 
density of the bone, and in the medulla causing 
obliteration of that cavity. The entire bone is 
now dense and heavy. In the earlier stages the 
deep aching pains at night are likely to be especially 
severe. Gummatous osteitis may develop as in 
the periosteal form, but the gumma is less likely 
to ulcerate on the surface. 

Syphilitic Epiphysitis.— This is so characteristic a 
feature of congenital syphilis in the new-born that 
a convenient method of diagnosing that condition 
at autopsy is to cut open the lower end of the 
femur or the upper end of the tibia and inspect the 
epiphyseal line. The normal line is thin as an edge 
of paper and pearly-gray, but in syphilitic epiphysitis 
it becomes broad, irregular, toothed, and of an 
opaque yellowish-white color. (Fig. 477.) When 
examined with a magnifying glass it has a granular 
appearance not unlike mortar. Microscopically it 
is seen that the process of ossification has become 
gravely disordered, irregular lines of cartilage ex- 
tending into the diaphysis and thus causing marked widening of the 
epiphyseal line. In severe cases the place of the cartilage is taken by 
syphilitic granulation tissue, in which necrosis and caseation take 
place. It is evident that such a line, instead of uniting the epiphysis 
and diaphysis, merely forms a space which separates them, and the 
epiphysis may become detached either spontaneously or as the result 
of trauma, giving rise to syphilitic pseudoparalysis. The roentgen- 
ray appearance is diagnostic. Antisyphilitic treatment soon brings 
about reunion and nornuil ossification. 

Syphilitic Dactylitis.— This is another manifestation of congenital 
syphilis in children. There is a diffuse infiltration of the marrow of one 
or more of the phalanges, with expansion and erosion of the medullary 
cavity and a formation of new periosteal bone on the surface. The 
affected digit presents a spindle-shaped swelling, which is easily mis- 
taken for tuberculous dactylitis. 

Bones of the Face. - Gummatous destruction of the bones of the nose 
and the hard palate are common in congenital syphilis. The bridge of 
the nose falls in at the root (saddle-nose), and there may be a large 



Fig. 477.— Syphil- 
itic' opiphysitis. The 
(‘piphyscal line of the 
lower end of the 
femur is broad and 
dark. 
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perforation in the palate. The latter condition is also seen in the late 
stage of acquired syphilis. 

The Cranium.— In the bones of the skull there may occur the two 
lesions already described, the periosteal node and diffuse osteitis. 
The periosteal node in congenital syphilis is usually multiple and sym- 
metrical; the localized swellings affect principally the frontal and pari- 
etal bones and are grouped around the anterior fontanelle, giving an 
appearance of ^‘bossing.*’ At first the new bone is spongy, but later 
it becomes sclerosed. In the acquired disease the periosteal node is 
rarely ossified. The granuloma remains soft and erodes the under- 
lying bone, producing a worm-eaten appearance and sometimes com- 
plete perforation. If gummatous degeneration occurs there is likely 
to be a definite hole in the skull. Diffuse osteitis usually causes thick- 
ening and hardening of the cranial bones after a preliminary rarefac- 
tion. If gummatous formation and necrosis should occur, the surface 
of the skull may present an extraordinary worm-eaten and eroded 
appearance which is highly characteristic. Sequestra of varying size 
may be formed owing to interference with the blood supply of the bone. 

The Spine.— Syphilis of the spine may take the form of a diffuse osteitis 
with marked thickening and hardening of several adjacent vertebrae. In other 
cases there is gummatous formation and breaking down, a condition apt to 
be mistaken for tuberculosis. 

Eosinophilic Granuloma.— This is a painful inflammatory lesion usually of 
the skull, sometimes of a rib or long bone, occurring in children and young 
adults. It may be mistaken clinically for osteomyelitis, tuberculosis and 
Ewing’s tumor. The lesion is soft, expands the bone, and consists of histiocytes, 
numerous eosinophilic polymorphonuclears, and sometimes giant cells arranged 
around cholesterol crystals. The etiology is unknown. The essential element 
in the lesion appears to be sheet-like collections of histiocytes. P'arber suggests 
that the lesions are of the same basic character as those of Schiiller-Christian’s 
disease. In eosinophilic granuloma they are often confined to a single bone, 
and the distinctive feature is an intermingling of large numbers of eosinophils 
with the histiocytes, whereas in Schiiller-Christian’s disease the lesions are 
more widespread, and the histiocytes become loaded with lipoid, so that the 
condition may be classified as a lipogranuloma. Letterer-Siwe’s disease, in 
which the lesions are distributed throughout the skeleton and the soft parts, 
especially the lymph nodes, belongs to the same group. 


TUMORS OF BONE 

In studying the difficult subject of bone tumors it is desirable to 
determine the constituents of the bone from which the various tumors 
arise. In many cases this is possible; in some it is difficult or impos- 
sible. Bone is a connective tissue which happens to be impregnated 
with lime salts. Anatomically it consists of periosteum, bone, and 
bone-marrow, while at each endt)f the growing bone there is epiphyseal 
cartilage. The periosteum consists of fibrous tissue and osteoblasts. 
The bone contains adult bone cells which are end-products incapable 
of proliferating and giving rise to a tumor, osteoblasts, and osteoclasts. 
The marrow consists of marrow cells, which need not be particularized 
further, and reticular or reticulchendothelial cells. In general terms. 
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which will be subject to subsequent analysis, it may be said that the 
periosteal fibroblasts may give rise to fibrosarcoma, the osteoblasts 
to osteoma or osteogenic sarcoma, the osteoclasts to giant-cell tumor, 
the cartilage cells to chondroma and chondrosarcoma, the marrow 
cells to multiple myeloma, and the reticular or reticulo-endothelial 
cells possibly to Ewing’s tumor. It is convenient to consider the 
innocent and malignant tumors separately. 

In the introduction to their fine monograph on 'Tumors of Bone," Ges- 
chickter and Copeland point out that it is not sufficient to consider the con- 
stituents of adult bone; the development of bone must also be taken into 
account. The development of the skeleton is never really complete, for transi- 
tion forms between the different tissues persist in certain places at all ages, and 
may serve as the starting-point for tumors. Most primary bone tumors, they 
consider, arise in connection with such transitions in growth. In the lowest 
vertebrates the skeleton consists of connective tissue, higher in the scale carti- 
lage takes the place of connective tissue, and finally the cartilage gives way to 
bone. This processional process is repeated in the human embryo, whose 
skeleton first consists of connective tissue, later of cartilage, and finally of bone. 
In the case of bones which are developed in membrane, c. ^., most of the bones 
of the skull, there is direct ossification in the primitive connective tissue, the 
connective-tissue cells becoming changed into osteoblasts which lay down bone. 
Such bones are not liable to the development of primary tumors. In the 
case of bones developed in cartilage the process is much more complex. The 
primitive connective tissue is first changed into fetal cartilage composed of 
small round cells; this develops into adult cartilage which becomes calcified; 
the calcified cartilage is removed by giant-cell osteoclasts, canalized and vascu- 
larized; finally permanent cancellous bone is laid down. This process goes on 
actively on both sides of the epiphyseal line, up to adult life on the shaft side, 
much later in life in the epiphyses. The embryonic connective tissue which has 
the ability to form both cartilage and bone persists in various places, and is 
especially abundant in the neighborhood of joints. If these facts be borne in 
mind, and if it be realized that developmental processes continue well into adult 
life, the skeletal and age distribution of tumors and the possible types which 
may occur will be better understood. Geschickter and Copeland use a histio- 
genetic basis for their classification of bone tumors, somewhat in the same way 
as do Bailey and Cushing in their classification of the gliomas. “It is in delayed 
developmental steps in the persisting primitive connective tissue of the skeleton 
and in conjunction with subsequent histiogenic steps, after the cartilage of the 
skeleton has been formed, that practically all primary bone tumors take origin." 

Innocent Tumors.— Osteoma.— Most formations of new bone are not 
true tumors, but outgrowths from the surface known as exostoses; they 
are usually caused by the irritation of trauma. A compact osteoma is 
an ivory-hard tumor of the skull probably formed by the periosteal 
osteoblasts. A cancellous osteoma may be regarded as a bone in mini- 
ature, for it possesses its own epiphyseal cartilage by virtue of which 
it grows as long as the growth of the skeleton continues. It is therefore 
also known as an osteochondroma. Some writers call this tumor an 
exostosis. It arises from the end of bne of the long bones, probably 
from a segment of epiphyseal cartilage, and the tumor is covered by 
a cap of cartilage until ossification is complete. As the bone grows in 
length, the tumor becomes displaced from the region of the epiphyseal 
line. An osteoma may grow from the bones of the face and attain a 
large size. 
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Fibroma.— Fibroma of b()iie is rare. It grows from the outer layer 
of the periosteum, usually in connection with the superior maxilla or 
the posterior wall of the nasopharynx where iit forms a fibrous polypus. 

Chondroma. Cartilaginous tumors may arise from the epiphyseal 
cartilage or from the cartilage which precedes the developing bone, 
islands of which may remain unabsorbed. They occur during the 
growing period, and are commonest in the short bones of the hands and 
feet where they may be multiple. Single chondromas of large size 
may grow from the scapula, pelvis, neck of femur, and other bones. 
These single tumors often undergo m^^omatous and cystic degenera- 
tion, and are then liable to show malignant change into a chondro- 
sarcoma, especially when interfered wdth. It may be easier to detect 
this change from the clinical behavior and the gross appearance at 
operation (invasion, etc.) than from the microscopic structure. Inva- 
sion of the veins and inetastases to the lungs confirm the malignant 
chara(!ter of the change. A chondroma may grow on the surface or the 
interior of the bone. The latter form, known as an endumdroma, may 
cause expansion of the shaft, and when combined with cystic degen- 
eration may give a roentgen-ray picture closely simulating that of 
giant-cell tumor. The condition known as multiple (*artilaginons exos- 
toses or chondrodysplasia Is considered in connection with the bone 
dystrophies. 

Giant-cell Tumor. This condition has in the past been called giant- 
cell sarcoma and myeloid sarcoma under the mistaken belief that the 
tumor w^as malignant- A more modern term is osicoclnstoma, L c,, a 
tumor of osteoclasts. It is locally destructive and may be iin^asix e, 
but it does not give rise to metjistases nor kill the patient, although it 
show’s a fairly marked tendency to local recurrence. In actual pi’ac- 
tice it is well to associate the giant-cell tumor with the malignant 
tumors of bone, for it is from them that the differential diagnosis has 
to be made, although a central chondroma may sometimes give a 
similar roentgen-ray picture. In rare cases a giant-cell tumor may 
become malignant and metastasize to tlu^ lungs. When the benign 
tumor is removed by curettage a smooth -w^alled cavity should remain. 
If the tumor n'curs there is danger of malignancy, and amputation 
should be considered. 

The tumor develops in children and young adults, usually before 
the age of thirty years. It occurs principally at the ends of long 
bones, i. e,, in the metaphysis or the epiphysis (condyles of femur). 
The (common location is the knee (lower end of femur, upper end of 
tibia), but it may occur in any bone developed in cartilage. The bones 
developed in membrane (cranium) are free. The reason for this will 
soon be apparent. The center of the bone is expanded, and the cortex 
often reduced to a mere shell, so that a spontaneous fracture may 
first attract the attention of the patient to the condition which is 
usually painless. Fairly thick bone trabecula? arc left traversing the 
cystic lesion like beams suppe^rting a crumbling building. This arrange- 
ment, best seen in the dried and macerated specimen from which 
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the soft tissue has been removed or in the operating room when the 
soft parts are curetted away, is responsible for the soap-bubble appear- 
ance (see below). The roentgen-ray 


pwture is highly characteristic, and 
from it a diagnosis can usually readily 
be made. It shows a rarefied, multi- 
cystic, or trabeculated appearance 
as if the mass was composed of large 
bubbles, thinning of the cortex, and 
sharp limitation of the lesion from 
the surrounding bone and soft parts. 

'^rhe gross appearance is that of a 
soft, dark red, hemorrhagic mass, 
sometimes with yellow areas. The 
material can be curetted away, and 
this is the usual form of treatment. 
Man^’ cases res{)ond W(‘ll to radi- 
ation, but others do not. Cyst 
formation may occur in the center 
and the cyst may be filled with blood. 
There may be great expansion of the 
end of the bone. (Fig. 478.) Micro^ 
scopwally the tumor is composed 
of three types of cells: spindle-shaped 
cells, round cells, and giant cells. 
(Fig. 479.) The round cells are more 
numerous during the period of active 
growth, rrcdominance of the spind le 
cells indicates quiescence of the 
growth and a tendency to healing; 



Fic}. 47S. — Giant-roll tnmor of the 
upper Olid of the tibia. The material 
expandiiiK the end of the bone is soft, 
red, and resembles blood clot. 



Fig. 479.— Giant-cell tumor of bone. The multinuoloated giant cells are unusually 

numerous, X 225, 
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they are the cells which constitute the lesion in osteitis fibrosa. Giant- 
cell tumor of the vertebree, which responds very favorably to even 
partial removal, is composed largely of spindle cells. The giant cells 
are large multinucleated cells of the osteoclast type. They may be 
numerous in one part, scanty in another. They differ from the rather 
similar cells of a granuloma in that the numerous small nuclei are 
situated tovrard the center of the cell and not around the periphery, 
and they are quite different from the tumor giant cells of an osteo- 
genic sarcoma, which contain a few large, irregular nuclei. The tumor 
is highly vascular, so that hemorrhage is frequent. 

The epulis {epoulis, upon the gums) is a tumor in the gum growing 
in relation to the teeth. There are two forms: the giant-cell epulis, 
which is the common type and is similar in nature to the giant-cell 
tumor of bone, and the fibrous epulis which is similar in character 
to osteitis fibrosa. Epulides occur in children and young adults, and 
arise from the alveolar dental periosteum of the deciduous teeth 
(canine and bicuspids). They hardly ever occur at the site of the 
molars, which make only one (permanent) appearance. The growth 
is outward, often between the teeth, and does not invade the bone. Tn 
addition to the epulis, a central giant-cell tumor of bone may occur 
in the lower jaw between the symphysis and the mental foramen. 

The nature of the gianUcell tumor has long been a matter of dispute. 
By some it is considered to be inflammatory rather than neoplastic 
in nature, the giant cells being regarded as foreign body giant cells. 
The most satisfactory way of regarding the lesion, as suggested by 
Geschickter and Copeland, is to consider giant-cell tumor and osteitis 
fibrosa as two phases of a transition process in the histogenesis of per- 
manent bone; the former is an active vascularizing phase, the latter a 
healing phase. In the formation of normal bone there is a canaliza- 
tion, vascularization, and final removal of calcified cartilage, a process 
in which osteoclasts and round and spindle cells similar to those of the 
giant-cell tumor play an active part. This process may overstep the 
bounds of normal activity and become neoplastic, giving rise to a 
tumor which may be called an osteoclastoma. If the process is re- 
strained and only slightly destructive, the result will be localized 
osteitis fibrosa with the possible formation of a bone cyst. Trauma 
is probably a factor of importance in disturbing the blood supply to 
the growing part, but the relation of trauma to a tumor must always 
be subjected to critical scrutiny. 

This view throws light on a number of the features of giant-cell 
tumor. It explains its age incidence, its localization at the growing 
ends of bones (including the epiphysis), and its relation to osteitis 
fibrosa. The giant-cell epulis arises in a similar manner. The shed- 
ding of the deciduous teeth is brought about by the action of giant- 
cell odontoclasts, and the tumor is an odontoclastoma. The fibrous 
epulis corresponds to osteitis fibrosa. In the skull giant-cell tumors 
of central character, as distinguished from the epulides, are confined 
to parts developed in cartilage, i. e., temporal fossa, the part of the 
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mandible between the symphysis and mental foramen which is devel- 
oped from Meckel’s cartilage, and the anterior part of the superior 
maxilla. The giant-cell tumors (xanthomas) of tendon sheaths may 
also be explained in this way. The calcified structures with the re- 
moval of which they are concerned are the sesamoid bones. 

Stewart and others believe that the two processes are entirely 
distinct, and that the true osteoclastoma is a primary neoplasm unre- 
lated to osteitis fibrosa. It is more sharply circumscribe than the 
giant-cell lesions of osteitis fibrosa and the rest of the skeleton is quite 
normal. The rare cases of malignant giant-cell tumor would rather 
support this view. 

Malignant Tumors. — Malignant tumors of bone may be primary or 
secondary. Secondary tumors are carcinoma (including hyper- 
nephroma), and usually occur after middle-age. They are far com- 
moner than primary tumors, and should always be suspected in a 
case of bone tumor in the latter half of life. Primary tumors are 
sarcomatous in type, and for the most part occur during adolescence. 
There are three principal types: osteogenic sarcoma (by far the com- 
monest), Ewing's tumor, and multiple myeloma. To these must be 
added chondrosarcoma, as well as a number of rare types. The giant- 
cell tumor has to be compared with the primary malignant tumors for 
purposes of clinical differentiation. Osteogenic sarcoma and Ewing’s 
tumor occur chiefly in childhood and adolescence, giant-cell tumors are 
commoner in the third decade, and multiple myeloma generally occurs 
after the age of forty years. The site of election of osteogenic sarcoma 
is at the end of the long bones (metaphysis), giant-cell tumor at the 
epiphysis, Ewing’s tumor in the shaft of the long bones, and multiple 
myeloma in the flat bones. 

Osteogenic Sarcoma.— This is the most common and the most malig- 
nant of bone tumors. It is a disease of the second and third decades 
(ten to thirty years), and is very rarely seen after the age of fifty 
years. It occurs at the end of the shaft (metaphysis) of the long 
bones, usually in the region of the knee (lower end of femur, upper 
end of tibia). Over 70 per cent of cases occur in the lower limb. The 
order of frequency is as follows: femur, tibia, humerus, pelvis, fibula. 
It hardly ever occurs in the forearm. A history of trauma is common 
but not so constant or convincing as in Ewing’s tumor. Nothing is 
more difficult than to judge the relatio^^ship of trauma to tumor. There 
is no relation between fracture and any form of bone tumor. Martland 
has pointed out that osteogenic sarcoma may develop in those whose 
bones have become highly radio-active. In a group of girls who died 
from the ultimate effects of swallowing highly radio-active substances 
while painting the dials of luminous watches, 27 per cent of the deaths 
were due to osteogenic sarcoma. It was calculated that in the year 
3491 A.D. the skeleton of one of these girls would still be giving off 
185,000 alpha particles per second, each of these travelling at the rate 
of 18,000 miles per second. 

The gross appearance depends on the stage. The first symptom is 
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pain, due to involvement of the sensitive periosteum, and this may 
precede the appearance of a tumor by weeks or months. When the 
tumor is well developed there is a fusiform mass at the end of the bone 
which fades away on to the shaft, giving a “leg of mutton*' appearance. 


(Fig. 480.) At first the disease i 



Fig. 480. — Osteogenic .sarcoma of lower 
end of femur. The tumor has de.stroycd 
the shaft, and is both mcrlullary and 
pcrio.steal in di.stribution. 


confined to the bone, with involve- 
ment of the shaft, the medulla, 
and the periosteum, but in the 
later stages the periosteum is 
perforated with rapid dissemina- 
tion of the grow thin the soft parts. 
There is a coincident absorption 
and deposition of bone ; the original 
shaft is absorbed, but tumor bone 
is laid down in the subperiosteal 
space by the osteogenic tumor cells. 
It is curious to note that the in- 
nocent giant-cell tumor is destruc- 
tive (osteolytic), while the very 
malignant osteogenic sarcoma 
forms new bone. This formation, 
however, is quite patchy, so that 
pathological fracture is likely to 
occur in the later stages. As the 
periosteum is lifted up from the 
bone by the tumor the vessels which 
enter the shaft from the periosteum 
are drawn out in parallel vertical 
lines, which form a scaffolding on 
which the new bone is laid down. 
Fine spicules are therefore found 
radiating outward from the cen- 
tral mass, and in the roentgen- 


ray picture these give a very characteristic “sun-ray” effect. The 
consistence of the tumor varies with the amount of bone formed, which 


may be much or little. The tumor may be very soft and sarcomatous, 
or firm and fibrous, or hard and bony. The usual color is gray, but the 
tumor may be highly vascular and hemorrhagic, and may present cysts 
filled with blood. Necrosis and softening are common. 

The microscopic picivre is extraordinarily varied, so that different 
cases differ widely, and in a single case there may be the same pleo- 
morphism as is seen in spongioblastoma multiforme of the brain. The 
tvmor cells are osteoblasts, and three types may be seen. (Fig. 481.) 
(1) The most constant and characteristic form is a small spindle cell 
with hyperchromatic nucleus and poorly-defined cytoplasm. If the 
tissue is poorly fixed and stained, the cytoplasm may not be detected, 
so that the cells appear, round, but an osteogenic sarcoma is never a 
round-cell tumor. (2) Other cells may be large and spindle-shaped or 
polyhedral. Mitoses are numerous in these cells. (3) (riant cells are 
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often present. These may be tumor cells or foreign body giant cells. 
The tumor giant cells may be mononuclear or may contain a small 
number of large nuclei. The cells have a more irregular, atypical, and 
neoplastic appearance than the foreign body giant cells. The latter are 
present when there is much bone destruction, and especially after an 
exi)loratory operation. The intercellular substance is as characteristic 
as the cells. It may be hyaline and fibrous, cartilaginous, myxomatous, 
osteoid, or osseous. Thus there may be formation of tumor bone. It is 
important for the pathologist to distinguish between tumor bone and 
true bone. Tumor bone is atypical and poorly formed, it blends with 
the stroma of the tumor, and it presents no bonlering line of osteoblasts. 
When the stroma is largely fibrous, the sarcoma is of the sclerosing type, 
('alcium can be recognized by its dark blue color when stained with 



Fig. 481. — Ossteogenic* siirfoma showing the charactcri.stifally pleomorphic picture and 
u typical tumor giant cell. X 300. 

hematoxylin. If the bloodvessels are very abundant, the tumor is 
said to be of the telangiectatic type. Invasion of the thin-walled 
vessels is common, and tumor cells may form the actual walls of the 
blood sinuses. The limb must therefore be handled with great gentle- 
ness. It is ciisy for metastases to be set up at the time of operation. 
Preliminary radiation of the tumor, by closing the vessels, diminishes 
this danger to a considerable degree. 

Spread takes place mainly bA' the blood stream, as is natural from 
the vascular arrangement just described. Metastases usually occur 
in the lungs, but if the tumor emboli pass the pulmonary capillaries 
they may lodge in other organs. It is important to note that secondary 
growths in other bones are very rare; multiple bone tumors suggest 
Ewing’s tumor in the young and multiple myeloma in the middle-aged. 
The lymph nodes are sometimes involved, but any enlargement is 
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usually inflammatory. There is marked local invasion, and when the 
periosteum is perforated the tumor spreads rapidly through the soft 
parts and causes stretching of the skin. The prognosis is very bad, 
but not necessarily hopeless, especially if growth is first restrained by 
radiation. The younger the patient, the worse is the outlook. 

The prognosis is bad, four-fifths of the cases being dead five years 
after amputation (Coley and Pool). This means, however, that 
20 per cent are alive at the end of that time. Features which make for 
a good prognosis are age (best between twenty and forty years, bad 
in first decade, extremely bad in osteogenic sarcoma complicating 
Paget’s disease), low-grade malignancy (histologic), and peripheral 
site of lesion. 

Ewing’s Tumor. — It was only in 1920 that Ewing separated this 
tumor from the general group of bone sarcomas under the heading of 
endothelial myeloma. It forms about from 10 to 15 per cent of all 
malignant bone tumors (including giant-cell tumors in the total). The 
clinical history is characteristic, but is quite suggestive of osteomye- 
litis, a disease for which this condition is very often mistaken both 
by the clinician and the pathologist. The patient is usually between 
the ages of five and fifteen years, and the disease is quite rare above 
thirty years. There is often a history of trauma, followed shortly by 
pain, at first intermittent but later continuous, fever, and the appear- 
ance of a swelling. When the swelling is incised a soft necrotic cellular 
material is obtained which is easily mistaken for pus. The occasional 
occurrence of a moderate leucocytosis still further adds to^the difficulties 
of diagnosis. The roentgen-ray picture shows diffuse involvement of the 
greater part of the shaft. There is a combination of bone formation 
and bone destruction; formation in the early stage, destruction later. 
The new bone on the surface may present a laminated appearance like 
the layers of an onion. One of the most striking characteristics of the 
tumor is its response to radiation; it may melt away just like a lympho- 
sarcoma, only to return again later. This characteristic is of great 
diagnostic value. 

There can be little doubt that some of the cases described in the 
literature as Ewing’s tumor are really examples of metastatic growths. 
In most of these cases the diagnosis is based merely on a biopsy or 
roentgen-ray report, whereas no case can be finally accepted without a 
complete autopsy examination. This truth is strikingly demonstrated 
by a case reported by Willis in his monograph on the “Spread of 
Tumors,” in which a patient presented all the clinical, radiological and 
pathological (gross and microscopic) evidence of Ewing’s tumor, and 
yet proved at autopsy to be a case of adrenal neuroblastoma with wide- 
spread metastases in the bones. 

The gross appearance is that of a very soft disintegrating tumor 
resembling brain tissue. The bones most often involved are tibia, 
humerus, femur, fibula, clavicle, and os calcis in that order. The 
tumor probably (but not certainly) starts in the medullary cavity, 
from which it invades and widens the bone canals, expands the cortex. 
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and irritates the periosteum to lay down successive layers of new bone. 
This is normal bone laid down parallel to the surface, not tumor bone 
laid down at right angles to the surface as in osteogenic sarcoma. The 
bulk of the tumor is subperiosteal, the medullary cavity becoming 
narrowed or even occluded by new reactive bone. (Fig. 482.) Owing 
to the formation of new bone, pathological fracture is rare. 

The microscopic picture Is that of a 



Fig. 482.— Ewing’s tumor of 
humerus. The growth is char- 
acteristically diffuse, involving 
the entire shaft. There were 
secondary growths in several 
other bones. (From Boyd’s 
Surgical Pathology.) 


round-cell sarcoma. The cells are round 
or polyhedral, very uniform in appear- 
ance, with a round nucleus and indi- 
stinctly defined cytoplasm which stains 
poorly. (Fig. 483.) They are closely 
packed together, and are arranged in 
sheets or columns, but may be grouped 
around blood spaces so as to give an 
angio-endotheliomatous appearance. 
There is no intercellular substance, in 



Fig. 483.— Ewing’s tumor. Tumor cells 
are replacing the bone, fragments of which 
can be seen at left of picture. X 600. 


striking contrast to osteogenic sarcoma. The microscopic appearance 
gives little help in determining the nature of the tumor. Ewing 
originally called it an endothelial myeloma, in the belief from the occa- 
sional peritheliomatous arrangement that it arose from the perivas- 
cular endothelium. Other workers do not agree with this. As suggested 
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at the beginning of the section on Bone Tumors, it may be a reticulum- 
cell sarcoma arising from the reticulo-endothclium of the marrow. 
For the present it is best to use the non-committal name of Ewing’s 
tumor. 

Spread occurs within the shaft both longitudinally and transversely 
by means of the bone canals, which in decalcified sections are seen to 
be filled with tumor cells. Distant spread occurs to the lungs, lymph 
nodes, other organs, and other bones. The bone metastascs arc of 
the greatest importance in differential diagnosis. They are hardly 
ever seen in osteogenic sarcoma. In multiple myeloma there is usually 
multiple involvement of bones when the patient is first seen, but in 
Ewing’s tumor the patient comes with a single tumor, the secondary 
growths not developing for several months. These growths are com- 
monest in the skull, vertebrae, sternum, scapula, and ilium, i. e., the 
flat bones containing red marrow. The prognosis is very bad, although 
the disease may sometimes be held in check for several years by means 
of radiation. 

Multiple Myeloma.— This is a rare and highly malignant form of 
bone tumor. Perhaps it should be called a marrow tumor rather 
than a tumor of bone. The clinical features make the distinction 
from other bone tumors fairly easy. The age incidence is noteworthy, 
nearly all the cases occurring over the age of forty years. Pain is 
prominent at the beginning of the illness, but usually passes off, only 
to return later. The most striking feature is the multiplicity of the 
lesions, as indicated by the name. The flat bones containijig red 
marrow are first involved, i. e,, sternum, ribs, vertel)rte, skull, and 
pelvis; lesions may appear later in the long bones. In rare cases there 
may be a diffuse myelomatosis without the formation of definite tumor 
nodules. It is not possible to say with certainty if the lesions are pri- 
marily multiple or if one is primary and the others secondary, '^fhe 
condition is comparable with lymphatic leukemia, in which the bone- 
marrow throughout the body is involved. Indeed, Jackson and his 
associates consider that multiple myeloma should n(^t be regarded as a 
bone tumor, but as a disease of the blood-forming organs like leukemia, 
for the lymph nodes as well as the marrow may be involved. This 
is best seen in the plasma cell type (plasma-cytoma), which may start 
in bone and spread later to lymph nodes, or starts in lymph nodes 
and spreads to bone; it may remain confined to the lymph nodes or be 
confined to bone. In rare cases the blood contains plasma cells. 
Jackson describes a case of plasmacytoma which commenced in the 
tonsil; this was removed, but the disease continued to spread through 
the lymph nodes, and after eight years caused generalized bone 
involvement. In less than 50 per cent of the cases there is Bence- 
Jones albumc^suria; a protein appears as a cloud when the urine is 
heated to 55° C., disappears at 85° C., but reappears on cooling. 
Extract of bone-marrow has identical properties with Bence-Jones 
protein, and when this extract is injected into rabbits the protein 
appears in the urine. It is probably produced from leucocytes and 
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other marrow cells, thus explaining why it is sometimes found in 
leukemia. Renal insufficiency is coninion, especially in the advanced 
stages, ('asts of Bence-Jones protein obstruct the tubules, which 
subsequently atrophy. Eventually there is marked atrophy of the 




Fia. 485. — Plasma cell myeloma. X 500. 

cortex and renal failure. Hyperproteinemia 
occurs in many cases, with reversal of the 
normal albuniin-pjlobulin ratio, the albumin 
bcinj^ low and the globulin hij^h. llierc is a 
inarktMl secondary anemia owin^ to replacement 
of the red marrow. 

^lle roeiiigcn-nxy picture is very character- 
istic. The bone lesions are purely destructive 
and they are localized, so that radioloj^ically 
they appear as round, punched-out, clear-cut 
areas in a number of bones. Owing to the 
rarefaction the cortex may be destroyed, so 
that pathological fractures are very common. 
The effect of radiation is similar to that in 
hhving’s tumor and lymphosarcoma. The 
lesions melt away marvellously, but soon re- 
appear. 

The gross appearance Is that of soft gray 
tumors of the marrow, which are at first local- 
ized and produce marked destruction of the 
bone. (Fig. 484.) It is a pure rarefying lesion with no formation of 
new bone. Later the entire marrow cavity is filled with gray or red 
tumor tissue. Microscopically the picture resembles that of Ewing’s 
tumor, but the cytology is not quite so uniform. The cells are round 
or polyhedral, are arranged diffusely, and there is no intercellular 


Fio. 4S4. — Multiple mye- 
Innifi. Nuniemu.s punrhed- 
oiit eiivities in the shaft of 
the hiiTTiorus. (Kindness of 
Dr. II. M. VaiiKO, from 
Boyd’s Surgical Pathology.) 
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substance. The predominant cell is a plasma cell (Fig. 485) with the 
addition of a certain number of lymphocytes, but sometimes the 
tumor is composed chiefly of the latter cells. The cell of origin is 
not known for certain, but it appears best for the present to regard 
multiple myeloma as a bone-marrow tumor. 

Spread is principally to the other bones. Metastases to the internal 
organs, especially the liver and spleen, are not common. The spleen 
may be enlarged even without metastases. Curiously enough, metas- 
tases are almost never found in the lungs. 

Chondrosarcoma.— This tumor usually arises as a malignant develop- 
ment of a chondroma. Invasion of the surrounding structures and of 
veins is often a better indication of malignancy than the microscopic 
appearance. Usually, however, the regular arrangement of cartilage 
cells is lost, and the growth is much softer and more cellular in char- 
acter than the benign chondroma. Lung metastases are due to the 
frequent invasion of veins. 

Solitary Plasmacsrtoma. — This is a rare tumor which may occur primarily 
in bone or in the upper air passages. As a rule, it is of only local malignancy, 
and is amenable to local removal or to operative treatment. In bones the 
plasmacytoma is usually multiple, and then constitutes one form of multiple 
myeloma. 

Periosteal Fibrosarcoma.— This is a rare tumor arising from the outer fibrous 
layer of the periosteum and not involving the bone itself. It is a firm white 
mass consisting of spindle cells, and is less malignant than the osteogenic 
sarcoma. It is not a true bone tumor, and its relation to bone is quite fortuitous. 

Reticulum-cell Sarcoma. — This rare bone tumor usually occurs before the 
age of forty, and often at a much younger age. It is apt to be mistaken for 
Ewing's tumor of one of the long bones. The cells are large, with abundant 
cytoplasm which may show pseudopodia. The nuclear outline is indented or 
kidney-shaped. With a silver stain a delicate reticulum is seen to encircle 
single cells. 

Idposarcoma.— This tumor arises from the marrow, but involves the bone. 
It is a soft, yellow, slowly-growing tumor, composed of large cells arranged in 
alveolar groups with abundant cytoplasm filled with fine droplets of fat. On 
this account the tumor may be confused with secondary hypernephroma. 

Metastatic Tumors.— Secondary tumors of bone arc most likely to 
occur in carcinoma of the breast, prostate, kidney (hypernephroma), 
and lung, but many other malignant tumors may be the starting- 
point of secondary deposits. (Fig. 486.) Cancer of the thyroid gland 
deserves special mention. The bones commonly affected are the ribs, 
vertebrae, sternum, skull, and' the upper end of the femur and humerus. 
In all of these bones the marrow is of the red variety and is well vascu- 
larized. In the shaft of a long bone the metastasis is often at the site 
of the nutrient artery. From all this it is evident that the usual mode 
of infection is by the blood stream, and not by lymphatic permeation as 
used to be thought. The deposit is formed in the medullary cavity. 
Roentgen-ray evidence goes to show that most of the tumors are 
purely osteolytic, the destruction not being associated with any bone 
formation. A round well-defined lesion is seen similar to that of 
multiple myeloma, although not quite so punched-out in character. 
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Hypernephroma affords a perfect example of an osteolytic process. 
Breast cancers are for the most part osteolytic, but a few are osteo- 
blastic. Cancers of the prostate, on the other hand, are almost entirely 
osteoblastic, so that the lesions appear sclerotic in the roentgen-ray 
picture. A large amount of new bone is formed, which may obliterate 
the shaft and even form projec- 
tions on the surface. Even here 
there is probably an associated 
osteolytic process, for fractures 
may occur. In the osteolytic 
form fractures are common, and 
may be the first sign of bone 
disease. It is rather remarkable 
that in spite of the destruction 
of bone, the fracture may heal 
satisfactorily. The blood picture 
may suggest a correct diagnosis. 

There is a leuco-erythroblastic 
anemia, with normoblasts and 
myeloblasts in the smear, 

THE OSTEODYSTROPHIES 

There is a group of diseases of 
bone which is characterized by 
disorders of calcium metabolism 
and of ossification. Among these 
are osteitis fibrosa, osteitis deformans, osteomalacia, rickets, osteo- 
genesis imperfecta, achondroplasia, hereditary chondrodysplasia, and 
marble bones may be mentioned. As they are disorders of the growth 
of bone they may be considered together under the heading of the 
osteodystrophies. It is becoming fashionable to consider many of 
these diseases as closely related to one another. Some writers, indeed, 
state that osteitis fibrosa (von Kecklinghausen’s disease), osteitis 
deformans (Paget’s disease), and osteomalacia are one and the same 
condition,* the difference depending on differences of age, vitality, etc. 
This view is strengthened by the similarity of the histological picture, 
which is one of rarefaction of osseous tissue and its replacement by 
young actively-growing fibrous tissue. Osteitis deformans is supposed 
to differ from osteitis fibrosa merely in that bone formation outstrips 
bone destruction. The fallacy in this argument is that rarefaction 
with fibrous tissue replacement is not a specific lesion, but is observed 
in a variety of bone diseases, just as perivascular collars of lymphocytes 
and plasma cells may be met with in the brain in such very different 
diseases as epidemic encephalitis, disseminated sclerosis, and syphilis 
of the nervous system. Further discussion along this line may be 
deferred until the various osteodystrophies are considered. 

62 



Fig. 486. — Secondary carcinoma of bone. 
X 250. 
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Osteitis Fibrosa.— This condition, also known as osteitis fibrosa 
cystica, may occur in a general or focal form. The two bear no relation 
to one another, although in both there may be the development of 
giant-cell tumors. The local form is confined to young people, whilst 
the general form may occur at any age. It is with the general form, 
sometimes called von Recklinghausen’s disease of bone, that we are 
concerned at present. It is very much rarer than the focal variety. 

Clinical Features. -The advanced clinical picture is easy to recognize, but 
the early stages may severely tax the diagnostic ability of the r)hysician. The 
three principal symptoms are bone pains, tumor-like swellings and deformity 
of the bones, and spontaneous fractures. Of these, fracture is the most striking, 
and often is the first sign of bone disease. The fracture heals more readily 
than might be expected from the rarefied condition of the bone, but this may 
be explained by the fact that bone formation is also active. Owing to the 
softening of the bones they may become markedly bowed, and in severe cases 
the most extreme deformities may develop. The bones most often affected 
are the humerus, femur, and tibia, in that order. The disease is progressive 
and fatal. The roentgen-rays show widespread local rarefaction and some- 
times cyst formation. The bones have a translucent and honeycombed 
appeararioe, the marrow is enlarged, the periosteum normal. The chemical 
changes in the blood, which arc all-important, are described in the next section. 



Fig. 487. — Osteitis fibrosa. The neck of the femur is converted into a large cystic cavity. 

Lesions.— In advanced cases the highly porous bones may be much 
deformed and curved, they may be so soft that they can be cut with a 
knife, and the compact bone may be greatly thinned by the formation 
of cysts. (Fig. 487.) These, however, are not necessarily present, 
so that osteitis fibrosa is a more correct name than osteitis fibrosa 
cystica. The cysts may contain watery fluid or gelatinous masses. 
Abundant callus is found at the site of a recent fracture. The micro- 
scojpic a'pyearance is supposed to be specific, but a similar histological 
picture may be met with in other diseases, as pointed out above. There 
is resorption of bone with marked osteoporosis. (Fig. 488.) This 
goes hand in hand with vigorous new formation of young fibrous tissue 
which occupies the dilated Haversian canals and takes the place of 
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the absorbed bone. The marrow is also fibrosed. Some of this con- 
nective tissue may become converted into osteoid tissue, and formation 
of new bone can be detected with rows of osteoblasts, lining the spaces 
in the bone, but resorption always outstrips ossification and osteo- 
clasts and giant (rells form easily recognizable clumps. The formation 
of multiple giant-cell tumors or ostcoclastc^mata is a characteristic 
feature of the disease. These may be minute or they may form quite 
large tumors which can be detected clinically. The new connective 
tissue is poorly vascularized, so that degeneration, softening, and 
cyst formation may occur. The lesions are at first in the form of 
circumscribed patches and are most marked at the ends of the growing 
bones, but in time they may fuse. The patient may die of osteogenic 
sarcoma, but this tendency is not nearly so marked as in Paget’s 
disease. 



Fi«. 488.— Osteitis fibrosa, showing the marked osteoporosis and absorption of bone 

X 50. 


It was in UK)! that von llecklinghausen gave the first accurate 
ac-count of osteitis fibrosa, and in 1904 Askanazy reported a ease 
associated with a parathyroid tumor, but a quarter of a century 
elapsed before the significance of this association was recognized. 
'Phe bone lesions are a manifestation of hyperparathyroidism, due 
usually to an adenoma but occasionally to hj’perplasia of the para- 
thyroids. The biochemical changes are similar to those produced bj^ 
the administration of parathyroid extract, and the osteoporosis and 
other bone changes can be reproduced experimentally in animals by 
continued administration of the extract. The calcium removed from 
the bones appears in the blood, and the blood calcium rises from 10 mg. 
per 100 cc. to 15 or 20 mg. The phosphorus is below normal (3 mg. 
per 100 cc.), because the renal threshold for phosphorus is lowered 
by excess parathyroid hormone. Normally the calcium and phosphate 
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ions of the blood and the calcium phosphate of the bones are in a state 
of equilibrium and are subject to the law of ionic dissociation, i. e,, 
concentration of the ions, if altered, must vary inversely with each 
other, so that excess of calcium ions causes fall of phosphate ions. 
The low serum phosphorus is particularly valuable for differentiating 
hyperparathyroidism from such decalcifying diseases as widespread 
metastatic carcinoma of bone in which the blood may be flooded with 
calcium. Much valuable information regarding the chemical changes 
in the blood in this and other bone diseases will be found in Woodard’s 
paper. In osteitis fibrosa the plasma phosphatase is considerably 
raised, although less so than in Paget’s disease. There may be meta- 
static calcification of the arteries, and deposition of calcium in the 
renal pelvis with calculus formation. Large quantities of calcium are 
excreted in the urine, so that there is a negative calcium balance. The 
results of removing the parathyroid tumor may be among the most 
dramatic of postoperative phenomena; the blood calcium falls below 
normal so that there may be danger of tetany, the bone pains may be 
abolished immediately, the giant-cell tumors may diminish in size in 
the course of a few* weeks, the renal calculi may break into fragments 
which arc passed into the bladder, there is a marked gain in w^eight, 
and cripples may throw away their crutches. 

Focal Form of Osteitis Fibrosa.— This is very much commoner than the 
generalized form. It bears no relation to that condition, for it is 
unconnected with hyperparathyroidism and the blood calcium and 
plasma phosphatase are normal. It occurs at the end of one or more 
of the long bones during their period of growth and is often first 
discovered through a spontaneous fracture. Cyst formation is com- 
mon, as is the formation of a giant-cell tumor. It is probably a per- 
version of the normal process of removal of calcified cartilage by 
vascular connective tissue preparatory to the formation of true bone. 
This matter has been discussed in connection with giant-cell tumor of 
bone. 

Paget’s Disease.— This condition, also known as osteitis deformans 
(although not nearly so deforming as von Recklinghausen’s disease), 
was first described by Sir James Paget in 1876. It is usually regarded 
as a rarity, but Schmorl, examining the entire skeleton in his autopsies, 
CO lected 138 cases in the course of five years. There is first softening 
and later overgrow^th of bone; during the period of softening charac- 
teristic deformities develop. A number of bones are usually affected, 
but the disease may remain confined to one bone for many years. 
The former or polyostotic variety is common, but the latter or mono- 
stotic form is relatively rare, often remaining subclinical. The mono- 
stotic form is commonest in the tibia, the polyostotic is most frequent 
in the sacrum and vertebrae. It is not certain if they are variations 
of the same disease. 

Clinical Features. “-The disease usually begins over the age of forty. It may 
be familial. I know of two families in each of which three cases occurred. The 
legs are generally first affected, but the earliest change may be in the skull. 
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The softened bones are bent, the femur outward, the tibia forward. They be- 
come hardened again in this position and look as if they had been bent by the 
hands of a giant. Persistent bone pains in the legs may appear before the 
deformity. The head enlarges, and the patient presents himself with a history 
that he has to buy hats of ever-increasing size. The head comes to present a 
very characteristic appearance, for it is a triangle with the base above, the 
face escaping alrnost completely. Occasionally the bones of the face are greatly 
thickened {leontiasis ossea ) . A kyphosis or posterior curvature of the softened 
spine is very common and reduces the height of the patient. The general ap- 
pearance in the advanced stage of PagePs disease is highly characteristic. The 
short squat figure with bent shoulders, curved back, sunken chest, and great 
head hanging forward, as it waddles along with bowed legs, out-turned toes, 
and the aid of a stick, is a living justification for the name osteitis deformans. 
The roentgen-ray picture is characteristic even before any deformity has ap- 
peared. The affected bones are thick and dense, although the medullary cavity 
is widened, and the vault of the skull presents a peculiar serrated (cock’s 
comb) appearance which is pathognomonic. The disease is progressive, but, 
unlike osteitis fibrosa, does not usually shorten life. There is, however, a fairly 
strong tendency to the development of osteogenic sarcoma. When that tumor 
occurs over the age of fifty years it is almost always associated with Paget’s 
disease. Arteriosclerosis is often very marked. The blood phosphatase is very 
high, and may be over 100 units. 



Fia. 4S9. — Paget’s disease of the skull; great thiokeiiing of the bone and cyst formation. 

Lesions.— The bones commonly affected are the skull, vertebne, 
and bones of the leg. In SchmorPs material the spine (including the 
sacrum) was most frequently involved. At first the bones are soft and 
easily cut with a knife; it is at this stage that the deformities occur. 
I^atcr the bone becomes hard and of increased thickness. There is a 
thick deposit of subperiosteal bone on the long bones and on the skull, 
and the surface is rough and irregular. In spite of the thickening the 
new bone is of a porous character, as can be demonstrated by pouring 
water into the thick skull cap through which it runs as through a sieve. 
The thick, hard, curved bt)nes are very characteristic of Paget’s 
disease. The thickening is most strikingly seen on the cut surface of 
the skull cap, and a pathological diagnosis can readily be made from it 
alone. (Fig. 489.) Microscopically there is first a replacement of the 
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original bone by connective tissue, and then a substitution of finely- 
porous cancellous bone which gradually becomes harder. Absorption 
and apposition go on together, but the latter outstrips the former so 
that the bone becomes thick though still finely porous. One of the 
most characteristic features of the microscopic picture is the great 
number and irregular arrangement of the lamellar systems, which is 
seen in no other disease of bone. This gives what is known as a mosaic 
structure (Fig. 490), due to variously shaped areas of new and old 
bone fitted together like pieces in a jig-saw piiz/Ic. These pieces are 
not arranged around vascular canals to form Haversian systems; there 

is no foriiiatioii of an “osteon.’’ 
'^I'he cement lines are wide, promi- 
nent and irregularly scalloped. 
Cyst ft)rnuition is very rare, and 
so is the formation of giant-cell 
tumors. The medullary cavity 
is filled with fil)rous tissue. In 
about 10 per cent of cases sar- 
coma develops and kills the 
patient. This may be fibrosar- 
coma or osteogenic sarcoma. 
Fibrosarcoma, which is the 
commoner, arises from the new 
cellular connective tissue. The 
osteogenic sarcoma is not ident- 
ical with the classic form, and 
may show great numbers of tumor 
giant cells. There are often mul- 
tiple foci of sarcoma in different 
bones. 

The nature of the condition is 
uncertain. By some it is believed 
to be a variation of osteitis fibrosa 
occurring at a later age, but the 
Fig. 400. — Paget’s disease of bone show- blood calcium and phospllorUS 
ing mosaic appearance. X 200. normal, and there is no para- 

thyroid hyperplasia. Ed holm , 
Mowarth and Mc^Iichacl have demonstrated that in generalized 
Paget’s disease the bone blood flow is greatly increased, sometimes 
up to twenty times the normal. This produces the same effect on 
the general circulation as do free arteriovenous communications, 
with resulting congestive heart failure. This effect is not seen in 
the localized form. It is of interest to note that Paget considered 
the bones to be hypcrcmic, and in one of his original cases the heart 
was dilated at autopsy. Other guesses have been made, but they are 
too baseless to be mentioned. 

Osteomalacia. This is a very rare disease in North America, although 
fairly common on the Continent. It is considered in this place because for 
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years it has been confused with osteitis fibrosa, but it is much more closely 
related to rickets. Osteitis fibrosa is an endocrine disorder; osteomalacia and 
rickets are deficiency diseases, the former affecting the adult, the latter the 
child. In all three the bones are poorly calcified, but in osteitis fibrosa the 
calcium is removed from the bones on account of parathyroid activity, while 
in osteomalacia and rickets calcium is not laid down in the bones because of 
lack of vitamin D, the other groat regulator of calcium metabolism. Osteo- 
malacia often comes on during pregnancy, owing to the great drain on the 
calciiun of the woman’s bones which occurs at that period. Starvation may 
be a factor, and this probably accounts for the increase of the disease among 
the Central Powers during the war of 1914-1918. The disease is one of middle 
life, and is ahnost confined to women who are pregnant or exhausted by much 
child-])earing. The bones commonly affected arc the lumbar vertebrae, pelvis, 
and the bones of the legs. Osteomalacia ])rovidcs a good example of the 
difficulty of drawing (jorrect conclusions regarding the osteodystrophies. The 
j)arathyroids may be enlarged, but it is almost certain that the hyy)erplasia 
is secondary and not primary, an attempt to offset the deficient calcifica- 
tion of the bories. The same secondary parathyroid hyperplasia is seen in 
rickets. 

As the name implies, the bones are softened owing to loss of calcium, so 
that they can })o readily bent or cut. In the roentgen-ray picture they present 
a faint and lace-like appearance. The vertcbra5 are com])rcssed, so that the 
patient becomes shorter. Owing to softening of the pelvis the i)romontory 
of the sacrum is pushed forward and the acetabula are pushed inward, so that 
the pelvic inlet is distorted and nai'rowed, making normal delivery impossible. 
The bones of the leg are markedly bowed. Microscopically the normal bone 
is replaced by newly-formed bone which is calciiun-free, i. c., it remains as 
osteoid tissue. As Pi(!k remarks, osteomalacia from the morphological stand- 
point is rickets ill adult life, but the lesions arc not most marked at the growing 
ends of the bone as in rickets, for growth of bone has now ceased. 

Senile Osteoporosis. -In the later period of life, particularly in women 
after the menopause, the bones tend to become rarefied. Bone absorption 
may be particularly marked in the vertebral column. The condition is due to 
a defect in the reparative mechanism of bone, the probable basis of which is 
the endocrine imbalance of later life, especially in the female (Albright). The 
notabl(^ feature of the Mood chemistry is the lack of any abnormal findings. 
The alisence of an elevation in the serum alkaline phosphatase serves to dis- 
tinguish this condition from osteomalacia and from many metastatic tumors of 
bone (Woodard). 

Osteogenesis Imperfecta. — This rare condition, also knoAvn as fragilitas 
osmiyUy is an affection of childhood in which the bones are unperfectly ossified. 
There is a marked hereditary and familial tendency. The child may be born 
dead with multiple fractures acquired iv vtero, it may be born alive and die 
afterwards from many fractures produced during delivery, or it may be born 
apparently healthy and only show evidence of brittlene.ss during childhood 
and adolescence. There is a tendency for the condition gradually to disappear. 
A remarkable feature of the disease is that many of the patients have blue 
selorotics; the color is duo to partial vi.sibility of the choroid through the 
sclerotic owing to some defect in that coat. Blue sclerotics may be asso- 
ciated with brittle bones in one member of the family, while the others have 
blue sclerotics but no special tendency to fractures. Otosclerosis may develop 
after the age of twenty years. The blood calcium and phosphorus are normal. 
The parathyroid glands may be enlarged. Tn one very severe case in a still- 
born baby which I examined the enlargement was very noticeable. In addition 
to the fractures there may be bony swellings, especially in the temporal region 
so that the ears are turned out and down, and sometimes in the frontal or 
occipital regions. The ossification of the skull mav be .^o incomplete that it is 
a mere membranous bag or a few bony plates; if ossification has proceeded 
further, the skull may pre^sent a large number of Wormian bones. The teeth 
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are poorly calcified and may be translucent. The bones are very light and 
fragile. Microscopically the trabeculae are narrow and widely separated. Few 
osteoblasts can be seen, and it is possible that .there may be a deficiency of 
phosphatase production. 

Achondroplasia.— This is another rare defect in ossification, confined to 
bones ossified in cartilage, i. c., long bones and base of skull; the rest of the 
skull and the bones of the face develop normally. The child may die shortly 
after birth or may grow up as a stunted dwarf with short arms and legs, normal 
trunk, large head, depressed bridge of nose, and squat hands with fingers of 
equal length (trident hand). (Fig. 491.) The shortness of the bones is due to 

failure of the epiphyseal cartilage to function. 
The epiphyses are enlarged and with the short 
diaphysis give the bone the appearance of a collar 
stud. The indrawing of the nose is due to relative 
shortening of the base of the skull from imperfect 
ossification. Microscopically the cells of the epi- 
physeal cartilage are large, are not arranged in 
rows, and show an undisciplined tendency to grow 
in all directions; there is no evidence of active 
ossification. The disease, which is often familial, 
is probably due to some endocrine disorder. 
Dachshunds are achondroplasic dogs selectively 
bred. 

Hereditary Chondrodysplasia. This rare con- 
dition is also known as multiple cartilaginous 
exostoses, Tt appears to be a hereditary dis- 
turbance of the metabolism of cartilage and 
bone. It begins early in life and is commoner in 
boys than girls. Only the bones ossified in 
cartilage are affected, flat bones as well as long 
bones. The two chief changes are deformities 
from retardation of growth and multiple ex- 
ostoses. The growth retardation may affect 
any bone developed in cartilage and sometimes 
only one part of a bone, e. gf., acromion process of 
scapula. The radius or tibia may not grow prop- 
erly while the ulna or fibula does, with resulting 
bowing of the bones. The radius becomes a 
bent bow; the ulna serves as its tight string. 
The exostoses appear on the shaft of the bones, often as the result of injury 
to the periosteum. At first they consist of cartilage, but later they may be 
completely ossified. There may be great numbers of these exostoses. Swellings 
may develop in the region of the epiphyseal lines, causing enlargement of the 
ends of the bones. The disease ceases when skeletal development is com- 
plete. Nothing is known as to the cause of the condition. 

Marble Bones. — This extremely rare condition is also known as Albers- 
Schonberg^s disease. A better name is osteopetrosis. The disease shows 
a strong familial tendency. It is characterized by excessive calcification of 
osteoid tissue and absence of true ossification as shown by lack of bone lamella 
and of osteoblasts. The bones therefore lose their elasticity and fractures are 
common. The condition occurs in childhood or can be traced back to that 
eriod. In the roentgen-ray picture the normal structure of bone is replaced 
y a homogeneous, intensely dense, marble-like appearance. The principal 
features may be catalogued as follow.s: All the bones are very dense, particularly 
the ends of the long bones; narrowing of the cranial foramina causes opuc 
atrophy and other cranial nerve disturbances; narrowing of the medullary 
cavity leads to osteosclerotic anemia; hydrocephalus, interference with denti- 
tion, and enlargement of the liver and spleen may be present. The cause of 



Fig. 491. — AdiorKlropla.stic 
dwarf. 


THE OSTEODYSTROPHIES ^ 


985 


the condition is unknown, but some suggestive work of Selye's may be noted. 
He found that when small doses of parathyroid extract (parathormone) are 
given to the experimental animal over long periods of time, instead of rare- 
faction there is apposition, i. e., increased bone formation, owing to stimu- 
lation of the osteoblasts. The bones assumed the same extremely dense 
character as is seen in marble bones. 

Hypertrophic Pulmonary Osteo-arthropathy.— This condition, also known as 
Mane's disease^ is largely due to deficient oxygenation of the tissues, espe- 
cially when associated with the absorption of toxins. It is mot with, therefore, 
in such pulmonary conditions as bronchiectasis, chronic phthisis, empyema, 
and in congenital heart disease. There is a subperiosteal formation of new 
bone with thickening of the bones of the hands and feet, and a lesser involvement 
of the long bones. The corresponding joints may show swelling and thickening 
of the synovial membrane. Clubbing of distal phalanges (fingers and toes) 
may be part of osteo-arthropathy or may occur apart from that condition, 
especially in subacute bacterial endocar<iitis. The clubbing is largely due to 
thickening of the soft tissues, probably from edema due to deficient oxygena- 
tion. The nails are thickened and characteristically curved, with or without 
an accompanying thickening of the phalanges. 

Fibrous Dysplasia of Bone. — Attention has been drawn by Lichtenstein and 
Jaffe to a condition which may readily be confused with osteitis fibrosa cystica. 
It appears to be a congenital anomaly in development resulting in tumor-like 
malformation of bone, and has been appropriately named fibrous dysplasia. 
One or several bones may be involved. Where the condition is multiple the 
lesions have a tendency to be unilateral. Many cases are asymptomatic, but 
pathological fracture may occur. Almost any bone may be involved. I 
have seen one case in which two adjoining ribs presented huge swellings mis- 
taken for giant-cell tiunor, and another in which there was cyst formation in 
the skull. In the severe forms, usually occurring in childhood, there may be 
extraskeletal anomalies such as pigmentation of the skin, premature sex 
development in females, premature growth, and hyperthyroidism. These 
arc known collectively as Albright’s syndrome. 

The affected part of the bone is expanded and the cortex is thinned, the 
interior being filled with rubbery, sometimes gritty, fibrous connective tissue. 
The microscopic appearance of the connective tissue varies; in some places it 
may be cellular, with spindly cells arranged loosely in whorls, whilst elsewhere 
it may be densely collagenous. New tral^ecula^ of bone may be formed through 
metaplasia of the connective tissue, thus accounting for the gritti ness referred 
to above. In addition there may be small cysts, occasional hemorrhage, 
and giant cells. In the x-ray film there is a localized rarefaction which is 
readily mistaken for cyst formation. 

Hyperostosis Frontalis Interna. — This ol^sciire condition, also known as 
metabolic craniopathy, is characterized by a peculiar bossy thickening of 
the inner table of the frontal bone asvsociated with metabolic and psychotic 
disturbances. n''he cranial capacity is decreased, with resulting atrophy of 
the frontal lobes. The radiological appearance is readily recognized. The 
metabolic changes are those of pituitary dysfunction, particularly obesity, 
virilism and menstrual disorders, and may precede the bony changes. The 
condition is usually found in women past the menopause. There may be no 
metabolic or psycliotic symptoms, and the bony lesions may be discovered by 
chance at autopsy. The etiology is unknown. 

Rickets. — Rickets is a deficiency disease in which an osteodystrophy 
is responsible for some of the main clinical symptoms, but its effects 
are by no means confined to the skeleton. It is a fascinating disease 
to study because of the remarkable advances in knowledge which have 
been made in recent years owing to the combined efforts of the bio- 
chemist, the experimental pathologist, the radiologist, and the clinician. 
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Etiology.— Rickets is a deficiency disease in which the inorganic 
constituents of bone, calcium and phosphorus are not properly utilized. 
Deficiency of four factors has to be considered: calcium, phosphorus, 
vitamin D, and light. Phosphorus deficiency is more serious than 
calcium deficiency. Vitamin D facilitates the absorption of calcium 
and phosphate from the intestine. Light, or rather the short wave 
ultra-violet rays, activates the sterols in the skin and converts them 
into vitamin D. 

These four deficiency factors must be considered collectively, 
for they often act together. Thus an amount of calcium in the diet 
sufficient to prevent rickets becomes insufficient when the phosphorus 
is also lowered, even though only to a moderate degree. The two seem 

to work hand in hand. The same is true of 



Fig. 492." Clinical features 
of severe rickets. (Harris, Vita- 
mins in Theory and Practice, 
courtesy of Cambridge Univer- 
sity Press.) 


the action of light. When rats are fed on a 
rickets-producing diet they can be protected 
by being rayed for two minutes each day with 
the mercury-vapor-quartz lamp. In actual 
practice rickets is a disease of the slums 
of large cities especially in countries which 
get little sunshine. Here all four factors are 
at work: the food is deficient in quality as 
well as quantity (calcium, phosphorus, and 
vitamin I)) and there is a deficiency of 
ultra-violet light. The fault lies in the 
quality rather than the quantity of the 
food. A child may be starved and ema- 
ciated, yet show no sign of rickets, while 
a plump baby may be markedly rachitic. 
A diet almost exclusively of carbohydrates 
or proteins will produce rickets, but the 
addition of cod-liver oil will cure the dis- 
ease. If the child gets a proper diet and 
sufficient sunlight, cod-liver oil is never 


necessary. Rickets is a disease of bottle-fed babies, except in the case 
of negro children whose dark skin prevents the light from activating 
the ergosterol. 


Clinical Features. -Rickets is a disease of infancy and early childhood 
covering the period from six months to two years, but the bony changes then 
instituted may persist for the rest of the patient’s life. It is a disorder of 
calcium and phosphorus metabolism, and examination of the blood shows 
that either there is a low serum calcium with a rather low inorganic phosphate 
or normal calcium with very low phosphate. Among the constitutional 
symptoms are anemia, enlargement of the spleen and lymphoid tissue, flabbi- 
ness of the muscles, sweating, and poor formation of the teeth. The bony 
changes are the combined result of defective calcification and excessive pro- 
liferation of epiphyseal cartilage. (Fig. 492.) The bones are soft, so that the 
femur bends outward, the tibia forward, and the spine backward (kyphosis) or 
laterally (scoliosis). The constant pull of the tendo Achillis on the foot in 
the sitting position may produce a curved sabre-shaped tibia. In the softened 
pelvis the promontory of the sacrum is pushed forward and the acetabula 
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inward, giving the same narrowed pelvic inlet as is seen in osteomalacia and 
constituting an insuperable obstacle to normal delivery in later life. The 
sternum is pushed forward (r)igeon breast), leaving a vertieal groove on each 
side of the thorax. The epiphyseal proliferation gives rise to a series of nodules 
at the costo-chondral junctions (the rickety rosary), and to nodular swellings 
at the wrists, knees, and ankles. Bones developed in membrane also suffer, 
and there is heaping up of spongy bone (bossing) in the frontal and parietal 
regions so that the skull becomes box-like. There may be a thinning of the 
back of the skull where the head rests on the pillow, a condition known as 
craniotabes. This is due to absorption of the non-calcified osteoid tissue 
from pressure. In the roentgen-ray picture the normal thin epiphyseal line 
is broad and irregular; periodic examination of this line forms a convenient 
method of estimating the effects of treatment, and has been much used in 
experimental work. 

Lesions. — The essential rachitic lesion is an abundant formation of 
osteoid tissue which fails to become calcified. The bones are therefore 
soft and the epiphyses can be cut with a knife. The degree of involve- 
ment of the ends of the long bones is proportionate to the rapidity of 
growth of the epiphyseal cartilage. The most rapid growth occurs at 
the junction of the ribs and costal cartilages, the lower end of the femur, 
and the upper end of the humerus in that order. The widening of the 
epiphyseal line can be seen with the naked eye; it may be 10 or 15 mm. 
in diameter and is markedly irregular. It is widened not only in depth 
but also laterally, thus accounting for the nodular s>vellings of the ribs 
and at the ends of the long bones. 

The mwroscopic picture is one of osteoid tissue formation without 
calcification. Normal epiphyseal cartilage is a narrow plate covered 
by bone on the epiphyseal side and penetrated by vessels on the diaphy- 
seal side. There is continuous proliferation of cartilage cells on the 
epiphyseal side and simultaneous degeneration of matured cells on 
the diaphyseal side with the formation of cavities. These are entered 
b^' capillaries accompanied by osteoblasts which deposit osteoid on 
the exposed cartilaginous matrix. Thus there is a constant increase 
of (.*6118 on one side of the disc and disappearance of cells on the other 
side. The degenerated cells are clear and empty. The first micro- 
scopic sign of rickets is absence of the layer of clear cells and thus 
absence of ingrowth and capillaries. The matrix between the non- 
degeiierated cartilage cells does not become calcified. The severity 
of the rickets is indicated by the volume of cartilage and the amount 
of osteoid. The essence of the condition is a retardation of the two 
normal processes of the cartilage sequence and calcification of the 
matrices. The cartilage cells are not arranged in rows as in normal 
growing bone, and the zone of proliferating cartilage may be ten times 
as deep as normal, sending out prolongations into the metaphysis 
which give the line the irregularity so characteristic of the gross appear- 
ance. (Fig. 493.) The zone of preparatory calcification is almost 
completely free of calcium. Beyond this there is a broad zone of 
osteoid tissue containing trabeculae and resembling bone morphologi- 
cally, but without the all-important lime salts. The osteoid tissue 
extends out to the perichondrium, where it causes the characteristic 
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thickenings observ^ed clinically. The bosses on the skull and the new 
periosteal and endosteal bone are also composed of this same material. 
When healing occurs there is active calcification of the osteoid tissue 
so that dense bone is formed. In course of time much of this new bone 
(rickety rosary, etc.) disappears. 



Fig. 493. — Rickets. There is extreme widening of the cpipliyseul line and thickening 
of the bone in this region. There is complete absence of calcification of the osteoitl 
tissue. X 7. 

Scurvy-rickets. — This condition, also known as infantile acnrmj and 
Barlow's disease, is a form of scurvy and bears no relation to rickets. 
It is characterized by subperiosteal hemorrhages, and is considered in 
connection with vitamin C deficiency in Chapter XI. 

Renal Rickets. — This condition has already been described in Chapter XXIV. 
In children suffering from chronic renal insufficiency the bones may develoj) 
lesions similar to those of rickets. Osteoid tissue is formed in excess but not 
calcified, so that deformities occur. The relationship between the bone and 
renal lesions is not at present understood, but the disturbance of growth is 
supposed to be connected with the marked retention of phosphorus Avhich 
constitutes the most striking of the biochemical changes. As the coiureiitration 
of ions varies inversely, the calcium falls as the phosphate rises, and this leads to 
drainage of calcium from the bones. In some cases it is possible that the 
primary defect may be in the parathyroids, the changes in the kidneys being 
secondary. 

CcBliac Rickets. — In coeliac disease, characterized by the passage of volum- 
inous fatty stools in young children, there is frequently marked osteoporosis 
with a tendency to spontaneous fracture, and occasionally there is typical 
evidence of rickets at the epiphyses. In this case the etiological factor is 
faulty absorption of calcium in the intestine. 

Bone Changes in Gaucher’s Disease.— In Gaucher’s disease, the bones may 
occasionally show marked changes (Pick). The marrow cavity is infiltrated 
with large lipoid-filled Gaucher cells. Owing to a similar infiltration the 
cortex may appear to be coarsely vacuolated or may be greatly thinned, so 
that spontaneous fractures occur. The vertebrae suffer severely; their bodies 
may be crushed, with resulting shortening of the body length and the produc- 
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tion of spinal deformities. In the roentgen-ray picture, in addition to general 
decalcificSition, there are large defects in the bone and thinning of the cortex. 
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CHAPTER XXXIII 
THE JOINTS 


Doscriptive Outline. — In describing disease in a joint the following structures 
should be considered: synovial membrane, contents of synovial cavity, articu- 
lar cartilage and underlying bone, joint capsule and ligaments, periarticular 
tissues, overlying skin. The synovial membrane is thin, but it may be greatly 
thickened in disease. Its surface and that of the articular cartilage is smooth 
and glistening. The synovial cavity, which is merely a potential one, contains 
only a few drops or rather a film of fluid. 

ACUTE ARTHRITIS 

Acute inflammation of a joint is caused either by bacterial infection 
or by trauma, such as a blow or sprain. Trauma gives rise to a mild 
though acute inflammation. The joint is swollen, the swelling being 
due partly to an increase of synovial fluid which may become cloudy 
or blood-stained, partly to inflammatory swelling of the synovial mem- 
brane which is congested and infiltrated with leucocytes. The hav- 
terial infectious may be suppurative or non-suppurative. 

Suppurative Arthritis.— The common infecting organisms are staph- 
ylococci and streptococci. The suppuration may be part of a pyemia 
in septicemic conditions such as ulcerative endocarditis or puerperal 
sepsis, or no other focus may be found. The infection may spread 
from the bone as in acute osteomyelitis, or may be introduced from 
without by a perforating wound of the joint. In pyogenic infections 
such as pneumonia and meningococcal meningitis there may be sup- 
puration of one or more joints. An acute arthritis, usually non- 
suppurative in character and resembling that of rheumatic fever, may 
complicate scarlet fever, and inflammatory joint lesions may occ'asion- 
ally develop in the course of typhoid, dysentery, and other acute fevers. 

In suppurative arthritis the synovial membrane is hyperemic, swollen, 
soft, and infiltrated with pus cells. The cells lining the surface are 
cast off, and fibrin is deposited on the raw surface. The synovial 
fluid is milky or frankly purulent, crowded with polymorphonuclear 
leucocytes, and usually' contains the infecting organisms. The articular 
cartilage becomes eroded and the underlying bone is exposed, causing 
great pain when the joint is moved. The ligaments are softened and 
give way, so that the joint becomes completely disorganized and is 
often dislocated. The capsule may then rupture, the pus making its 
way into the periarticular tissues. This is a picture of the most severe 
form of suppurative arthritis. In other cases the infection is milder 
and may be localized to the synovial membrane (acute synovitis) y with 
little or no destruction of the joint. When there has been destruction 

( 991 ) 



992 


THE JOINTS 


of tissue there will be fibrous union (anchylosis), and if the articular 
surfaces are destroyed the union may be cartilaginous or bony. 

Non-suppurative Arthritis.— Most examples of acute arthritis are 
non-suppurative, the inflammation is confined to the synovial mem- 
brane (acute synovitis), there is no destruction of tissue and therefore 
no permanent stiffness. I'raumaiic synomtis due to a strain is a good 
example of the condition. The synovial membrane is swollen, juicy, 
and congested, and infiltrated with inflammatory cells, while the synov- 
ial fluid is increased in amount, cloudy, and contains desquamated 
endothelium and small numbers of leucocytes. Rheumatic arthritis 
is the acute non-suppurative arthritis of rheumatic fever. Several 
joints are affected one after the other. There is an acute synovitis with 
excess of turbid fluid in the joint. Extreme tenderness is characteristic 
of the swollen and acutely inflamed joint. There is some involvement 
of the subsynovial and periarticular tissue and ligaments, and rheu- 
matic nodules similar in structure to the Aschoff bodies in the heart 
may be present in the subcutaneous tissues. The inflammation usually 
undergoes complete resolution, but if there is severe involvement of 
the periarticular tissue, some permanent stiffness may result. The 
possible relationship of acute rheumatic arthritis to rheumatoid 
arthritis is discussed in the next section. 

CHRONIC ARTHRITIS 

The term chronic arthritis has come to be used in a special sense. 
It does not mean, as the name suggests, a chronic inflammation of 
the joint, but a slow, progressive, crippling disease. It is not generally 
realized that this is the gniatest single cause of prolonged disability 
in the world today. Thus in Sweden 9 per cent of all cases of per- 
manent pensionable invalidity are due to arthritis, while in the state 
of Massachusetts the cases of disability number 140,000, compared 
with 25,000 from tuberculosis. The Metropolitan Life Insurance 
Company of New York estimates that the disease is responsible for 
an annual U)ss of 7,500,000 weeks of work and costs $200,000,000. 
The English figures are very similar. The cases can be divided into 
two great groups which appear to constitute quite separate entities, 
although confusing intermediate and mixed forms are encountered. 
These groups are chronic infective arthritis and chronic degenerative 
arthritis. The former is commonly called rheumatoid arthritis, the 
latter osteoarthritis. They are sometimes included under the common 
heading of arthritis deformans, a Jiame only too well justified. 

Rheumatoid Arthritis.— This form is also called chronic infective 
arthritis, an excellent term which separates it sharply from osteo- 
arthritis. It commonly occurs in women of between twenty and forty 
years, i. e., during the period of reproductive activity. The onset is 
graflual and insidious, but in children it may be quite acute, with 
multiple arthritis, fever, leucocytosis and enlargement of the spleen 
and lymph nodes, a condition known as Still’s disease, blven in adults 
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the onset is sometimes fairly sudden. The small joints of the hands 
and feet are the chief sufferers, but the larger joints may be involved 
later, the hip usually escaping. The course of the disease is marked by 
remissions and exacerbations, and at any time it may be arrested, but 
the injury to the joint is permanent, and the hands and feet are twisted, 
gnarled, and crippled for life. The affected joints show a doughy 
spindle-shaped swelling, and the overlying skin may be tight and glossy. 
In from 15 to 20 per cent of the cases careful search will reveal the 
presence of painless subcutaneous nodules similar to those which are so 
characteristic of rheumatic fever. The usual site is the dorsal surface of 
the forearm a short distance below the olecranon. They vary in size 
from seed-like bodies to nodules as large as an olive. They may persist 
for months and years and then disappear. The subcutaneous nodule is 
not found in osteoarthrosis. There are often general signs of chronic 
infection such as malaise, occasional fever, anemia, palpitation, sweat- 
ing, and a general toxic appearance. The spleen and lymph nodes 
may be enlarged, especially in children. 

Etiology.— An enormous amount has been written regarding the 
etiology of rheumatoid arthritis, but a lengthy discussion seems un- 
necessary. There arc predisposing and exciting factors. The pre- 
disposing factors are varied; age, sex, heredity, exhaustion, and meta- 
bolic disorders may all play a part. Both jaundice and pregnancy exert 
a peculiar ameliorating effect on the arthritis. The basal metabolic 
rate is below normal in 20 per cent of cases. But none of these are 
fundamental. The exciting factor is what really counts, and every year 
fresh evidence accumulates which points to a chronic infection. In 
support of this there is clinical, pathological, and bacteriological evi- 
dence. (1) The clinical evidence consists of the signs of an infection 
already enumerated; a history of many infections in nose, throat, 
mouth, gall-bladder, genito-urinary tr.act, or pelvis; the frequent pres- 
ence of a definite focus of infection; the immediate improvemeint which 
sometimes follows upon removal of such a focus. Over 15 per cent of 
the cases give a previous history of rheumatic fever, which raises the 
important question as to whether rheumatoid arthritis may be regarded 
as a sequel to or a chronic form of acute rheumatism. (2) The patho- 
logical evidence is the gross and microscopic appearance of the synovial 
membrane, and the histological structure of the subcutaneous nodule. 
(3) The bacteriological evidence is the finding of bacteria in the joint. 
This has been the great stumbling block in the past, for although some 
observers have found organisms, others have found none, (^ecil found 
streptococci in the joint fluid in 05 per cent of cases, and from the 
regional lymph nodes draining the affected joint Cadham has isolated a 
pleomorphic organism which appears to have both a bacillary and a 
coccoid stage in its life history. The reason why streptococci cannot be 
readily seen in the tissues is that they are usually too scanty. In ex- 
perimental streptococcal arthritis produced by the intravenous injec- 
tion of the organisms, incubation of the whole joint brings streptococci 
to light in practically all the inflammatory lesions (Hadjopoulos and 
63 
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Burbank). After incubation the organisms are found throughout the 
synovial membrane, the pannus covering the articular cartilage, the 
loose connective tissue in the Haversian canals, and the tendons and 
muscles around the affected joint. It is possible that the different 
organisms obtained by different workers may eventually prove to be 
one and the same, and that they may be related to the etiological agent 
of rheumatic fever. A spontaneous polyarthritis closely resembling 
rheumatoid arthritis occurs in rats, from which a pleuropneumonia-like 
organism has been isolated. In autopsies on cases of rheumatoid arth- 
ritis it is common to find what appear to be old burned-out rheumatic 
cardiac lesions, including Aschoff bodies in various stages of develop- 
ment. llheumatic heart disease was present in 53 per cent of a series 
of 10 patients (Baggenstoss and Rosenberg). From the evidence at 

present available it appears prob- 
able that rheumatoid arthritis is 
a chronic streptococcal infection 
of the synovial membrane and 
the periarticular tissues secondary 
to a primary focus elsewhere in 
the body, and it is possible that 
rheumatoid arthritis and rheu- 
matic fever are varied expressions 
of the same disease. 

Lesions.— The synovial mem- 
brane is primarily affected, so 
that the disease might be called 
synovioarthritis in contrast to 
osteoarthritis. If the joint is 
opened in the operating room the 
synovial membrane is seen to be 
congested, edematous, redundant, 
and swollen so as to form pulpy 
masses or fringes and tags. (Fig. 
494.) Microscopically it consists 
of vascular granulation tissue infil- 
trated with leucocytes and mono- 
nuclear cells of various kinds, with sometimes great numbers of plasma 
cells. The surface may be covered by a thin layer of necrotic material 
containing leucocytes. The synovial fluid is increased in amount and 
may be cloudy in character owing to the large number of the cells 
which it often contains. The disease may be arrested at this stage, 
remaining a mere synovitis. Usually, however, the articular cartilage 
is involved. It is attacked both from above and below. The synovial 
membrane grows over it from the side, forming a thick vascular cover- 
ing or pannus which becomes adherent to the cartilage and eats it 
away. The cartilage is also attacked from below by granulation tissue 
which is formed in the superficial layers of the epiphysis as part of the 
inflammatory reaction. As a result of this combined attack the cartil- 



Fig. 494. — Sytioviul fringes in chronic 
arthrilis. 
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age is destroyed. Adhesions are formed between the two layers of 
pannus covering the articular surfaces, and the joint cavity may be 
obliterated. Fibrous anchylosis of the joint develops and in time the 
anchylosis may become bony. The periarticular tissue shares in the 
inflammatory swelling and ^ema. The muscles of the part undergo 
marked atrophy; the extensors of the fingers are especially affected, 
so that the swollen fingers show a characteristic flexion. It has been 
shown by Steiner and his associates that this atrophy is the result of an 
inflammatory nodular polymyositis involving widely separated muscles. 
These lesions are specific for rheumatoid arthritis, and are similar in 
nature to those found in the synovia and the subcutaneous nodules. 
One grim and depressing fact is brought out by these studies, namely, 
that in the seemingly burnt-out cases with no pain but with extreme 
stiffness of joints, active inflammatory lesions are still present in the 
muscles; the fire is still smoldering and by no means extinct. The 
subcutaneous nodules bear a striking resemblance to the similar nodules 
found in rheumatic fever. There is a large area of central necrosis 
surrounded by a zone of large mononuclear cells arranged in radial 
fashion. The arterioles in the surrounding tissue often show obliterat- 
ing endarteritis and deposits of fibrin under the endothelium. The 
perineurium of the peripheral nerves may show multiple inflammatory 
lesions similar in tyj^e to the subcutaneous nodules (Freund et aL), 

The relation of symptoms to lesions may be disposed of briefly. The 
general toxic symptoms are not due to the arthritis, but to the focal 
infection. The enlargement of the joint is caused mainly by swelling 
of the soft parts (synovial membrane and j)eriarticular tissue), but 
excess of synovial fluid may play a minor part. The stiffness of the 
joint is a natural result of the fibrous adhesions between the two layers 
of pannus. The pain may be due in part to the inflammatory lesions 
of the peripheral nerves, but the severe later pains are caused by 
exposure of the underlying bone when the articular surfaces have been 
eaten away. 

Osteoarthritis.— In its typical form this degenev’ative joint disease 
differs from rheumatoid arthritis in almost every respect. It is com- 
moner in men than in women, especially the form which affects the 
hip-joint; it is a disease of the later period of life; there are no general 
symptoms; there is no evidence of a toxic factor; the large joints are 
commonly involved, often only one joint; there is no true anchylosis. 
The hip-joint (morbus coxse senilis) offers an excellent example of the 
monoarticular form occurring in elderly men. The small joints of the 
hands and feet may also be involved, and it is in them that the clinical 
manifestations can be more readily studied. The knuckles become 
greatly swollen and knobby, and the hand is drawn over to the ulnar 
side so that the deformity is great. Ileberden's nodes are often present ; 
these are small bony outgrowths at the sides of the terminal phalangeal 
joints. In the early stage the node is a soft nodule containing a bead of 
mucoid material, and arises as the result of degeneration of the peri- 
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articular soft tissue with subsequent ossification. Movement may be 
much limited by osteophytic outgrowths, but there is no anchylosis. 

Etiology.— The cause of the degeneration is unknown. It is a slow 
involuntary process often associated with marked arteriosclerosis, 
so that local ischemia may play a part. It is always difficult to form 
a correct judgment of the relation of trauma to any pathological 
process, but the common idea that trauma is an etiological factor, 
especially in hip-joint disease, appears reasonable. If a joint is con- 
tinually exposed to trauma, as in professional athletes (c. g., baseball 
catcher) or in the course of a trade, it may show the characteristic 
changes. Degenerative arthritis appears to be a process associated 
with the ageing of the tissues of the joints. Similar changes are found 
in the knee-joint in routine autopsies with increasing frequency with 
advancing age (Keefer, Parker). Erosion of cartilage in these knee- 
joints is commonest over areas of contact subjected to the greatest 
movement, strain, weight-bearing, and injury. As a result of gradual 
loss of elasticity in the articular cartilage the subchondral bone is no 
longer protect^ from the irregular localized effects of weight and 
pressure, and the changes characteristic of degenerative arthritis 
result. Age may therefore act in two ways: by reducing the elasticity 
and by representing trauma spread over a period of years. Similar 
lesions are present in horses and mules (Callender and Kelser). Ix)ss of 
cartilage is the primary lesion, followed by bone production which is 
secondary but has given the name of hypertrophic arthritis to the 


disease. 

Infective Arthritis 

OsteoarthritiB 

Sex: 

Common in female. 

Common in male. 

Age: 

Generally under forty years. 

Generally over forty years. 

Onset: 

Gradual but sometimes acute. 

Always gradual. 

Joint lesions: 

An inflammatory condition of 
synovial membrane. Early 
lesions in metacarpo-pha- 
langcal joints and wrists; 
symmetrical and migratory. 

A degenerative condition of 
cartilage and bone. Early 
lesions in terminal inter- 
phlangeal joints, hips, 
and knees; often unilat- 
eral and fixed. 

General symptoms: 

Toxic symptoms, fever, loss of 
weight, anemia, low basal 
metabolism rate. 

No constitutional disturb- 
ances. 

Local signs: 

Local signs of inflammation, 
marked deformity, extreme 
atroy)hy of muscles, swelling 
of soft parts, subcutaneous 
nodules, fibrous or bony 
anchylosis. Marked pain. 
Complete crippling in 10 
per cent. 

No local inflammation, de- 
formity not marked, mus- 
cular atrophy only from 
disuse, soft parts not 
swollen, Heberden’s nodes 
and no true anchylosis. 
Little or no pain. Com- 
plete crippling rare. 


Lesions.— Osteoarthrosis is a degeneration of articular cartilage and 
bone; in this it differs from rheumatoid arthritis which is primarily an 
inflammation of synovial membrane. The cartilage, both its cells and 
matrix, degenerate, and the smooth surface becomes roughened like 
the pile of velvet. The cartilage cells swell, burst, and disappear, and 
the matrix undergoes a perpendicular fibrillation which accounts for 
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the velvety surface. The softened cartilage is gradually worn away 
until the underlying bone is exposed. In a hinge joint (elbow, knee) 
the process of attrition is irregular, so that parallel furrows and ridges 
are formed. The periphery of the cartilage has a much better blood 
supply than the central part and survives the general downfall. The 
bone degenerates together with the cartilage, but the exposed surface 
undergoes a curious process of condensation and hardening, as a result 
of which it becomes polished like ivory. This appearance is known 
as eburnation (eburneus, ivory), and no really satisfactory explanation 
of the process can be given at present. Deep to the condensed layer 
the bone is degenerated, rarefied, and becomes absorbed, so that the 
greater part of the head and nefck of the femur may disappear. In 
addition to central atrophy there is peripheral proliferation. Car- 
tilaginous excrescences are formed at the margin of the articular car- 
tilage which resemble candle drippings and cause lipping of the edge 
of the joint. They increase the available articular surface and may 
be compensatory in character. They tend to become ossified and 
osteophytes are also formed farther out, so that the atrophied head of 
the bone is surrounded by a ring of excrescences whicli greatly limit 
movement. It is because of these changes, which form a striking 
feature in the roentgen-ray picture, that this variety is sometimes 
called by the misleading name of the hypertrophic form of chronic 
arthritis. The synovial membrane may become fibrous and fatty, and 
sometimes presents shaggy fringes which may be changed into car- 
tilage and become detached to form the foreign bodies known as 
joint mice. The ligamefits share in the general degeneration and 
dissolution, so that dislocation may occur finally. 

Anchylosing Spondylitis (Marie-Striimpell).— The chronic dis- 
abling disease of the spine known as Marie-Strumpell spondylitis is 
perhaps more nearly related to rheumatoid arthritis than to osteo- 
arthritis. It is, however, very much commoner in males (15 to 1), 
usually beginning before the age of thirty. 'Hie etiology is unknown, 
but certain features suggest a chronic infection, viz,, low grade fever, 
tachycardia, high sedimentation rate, weight loss and wasting of 
muscles. Little has been added to our knowledge of the condition 
since the classical paper of Pierre Marie in 1898. 

The essential lesions occur in the joints of the vertebral column. 
There is a synovitis, with increased vascularity, proliferative changes 
in the synovia, and infiltration of the tissues with lymphocytes and 
plasma cells. Later the articular cartilage is destroyed, fibrous ad- 
hesions are formed, and there is eventual bony fusion. Some of the 
earliest and most characteristic changes occur in the saero-iliac joints, 
which may be demonstrated long before the onset of symptoms in the 
back. There is destruction and narrowing of the joint space, which 
appears in Roentgen films as a fuzziness of the opposed surfaces of the 
bones. Late in the disease there is calcification followed by ossification 
of the various vertebral ligaments including the anterior spinal liga- 
ment and finally the intervertebral discs with bony anchylosis. The 
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condition now is well described by the term ‘‘poker back/’ The 
rigidity is extreme, the normal spinal curvatures are lost, and the 
cervical spine is curved into a bow which forces the miserable man’s 
head down until his chin touches his chest. The state of the patient 
when these changes are complete can be better pictured than described. 

Although the progress of the disease may be as relentless as de- 
scribed, the process may be arrested at any stage. Involvement of 
the large peripheral joints (hip, knee, shoulder, etc.) occurs in 15 to 25 
per cent of cases, the lesions closely resembling those of rheumatoid 
arthritis. Whether the disease is merely a special expression of rheum- 
atoid arthritis or is a separate pathological er tity remains a matter of 
dispute. Whilst the condition resembles rheumatoid arthritis in many 
respects, the calcification of ligaments, predominance in males, lack of 
response to gold therapy and infrequency of streptococcal agglutinins 
in the blood are quite distinct from that disease. 

Charcot’s Disease.— The peculiar condition known as Charcot’s 
disease of joints may develop in the course of tabes dorsalis and occa- 
sionally it complicates syringomyelia, so that it has been called a 
neuropathic arthropathy. It may develop at a fairly early stage of 
tabes, and usually affects the large joints of the lower limb (hip, knee, 
and ankle) owing to the preponderatingly lumbar distribution of the 
tabetic lesions in the cord. In syringomyelia it is more common in the 
upper limb for a similar reason. As a rule only one joint is involved. 
The onset is insidious, but the patient may suddenly discover that the 
joint is much swollen. This swelling may develop quite rapidly. The 
further progress is a story of destruction and disintegration until the 
joint may be completely disorganized and flail-like, so that a hinge 
joint like the knee or elbow can be moved in every direction. Although 
grating and crunching can be felt in the joint there is a complete and 
remarkable absence of pain. Sometimes the process of destruction is 
very rapid, reaching its maximum in the course of a few weeks, after 
which the disease may become stationary. The head of the femur has 
been known to disappear in the course of six weeks. This quickness of 
action, so unlike ordinary osteoarthritis, is one of the most puzzling 
features of the disease. The lesions are essentially degenerative and 
destructive, especially in the acute cases where it would appear as if 
some powerful solvent had dissolved away first the articular surface 
and then the bone, leaving a ragged stump and disconnected fragments. 
The synovial membrane may develop villous and polypoid tags. When 
the acute stage is past nuinerrms osteophytes may form a fringe around 
the joint and in the capsule. It seems probable that during the stage of 
attrition large numbers of osteoblasts are set free in the joint cavity and 
become implanted in the capsule and periarticular tissues where they 
form new bone. The nature of the condition is very obscure. The 
pathology does not remotely resemble that of syphilis. It is commonly 
supposed to be due to loss of hypothetical trophic influences to the 
joint on account of the cord lesion. It appears more probable that a 
loss of joint sensibility which may develop both in tabes and syringo- 
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niycliOi exposes it to trS/iimSi And d>ttrition. which, m some obscure wsiy 
bring about the rapid osteoarthrosis characteristic of Charcot’s disease. 

Hemophilic Joint. — In hemophilia an osteoarthrosis may develop as the 
result of repeated hemorrhages into one of the large joints. The cartilage 
becomes eroded and fibrillated, the bone is exposed, periarticular osteophytes 
are formed, and the synovial membrane is thickened and fringed. 

TUBERCULOSIS OF THE JOINTS 

Tuberculosis of the joints is a disease of children, and is usually 
secondary to tuberculosis of the adjacent bone. When it occurs in an 
adult it is more likely to be primary in the synovial membrane, infec- 
tion being carried by the blood stream from some distant focus. Bone 
tuberculosis has a strong tendency to spread to the corresponding joint, 
so that bone and joint tuberculosis are commonly combined. The 
bone lesion is in the metaphysis close to the epiphyseal cartilage, and 
from there the infection spreads outward along the vessels and reaches 
the synovial membrane. Or it may destroy the epiphyseal cartilage, 
invade the epiphysis, penetrate the articular cartilage, and in this 
way reach the joint. Trauma is said to be a predisposing factor, but 
as usual this is difficult to prove. The joints commonly affected are 
the hip and knee, followed by elbow, shoulder, and ankle. 

Lesions. —All the joint structures and the adjacent bone are involved 
if the disease is not arrested, but in the adult the main lesion may be a 
tuberculous synovitis for a considerable time. The synovial mevihrane 
may resemble that of rheumatoid (infective) arthritis, but is even 
thicker and more voluminous, so that it may fill the entire cavity. It 
is gray in color and may show tubercles on the surface or only when 
the mass is incised. (Plate XXX.) Gelatinous degeneration is com- 
mon and caseation may occur in the late stages. Microscopically it 
usually presents a classical picture of tuberculous granulation tissue 
with epithelioid tubercles and numerous giant cells. The fluid is 
usually scanty but highly fibrinous, so that it contains flakes of fibrin 
which may develop into foreign bodies known as rne* on-seed bodies or 
rice bodies. Occasionally there is abundant serous effusion (hydrops) 
with comparatively little synovial thickening; in these cases there may 
be large numbers of melon-seed bodies. The articular cartilage is 
attacked both from above and below, just as in rheumatoid arthritis. 
The synovial membrane, or rather the granulation tissue into Avhich it 
is converted, creeps over the articular surface, becomes adherent to it, 
and sends vessels into it, so that the cartilage becomes eaten away and 
the underlying bone is exposed. (Fig. 495.) The cartilage is also 
attacked by granulation tissue from below, and instead of being eaten 
away it may become separated in flakes or even as a complete cast of 
the articular surface. The bone shows the rarefying osteitis which has 
already been studied in connection with tuberculosis of bone. The 
initial lesion is in the red marrow, and the absorption of bone is really 
secondary. The periarticular soft parts are involved later. The liga- 
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ments are softened and finally destroyed, so that the joint may be 
dislocated. The muscles and other periarticular tissue undergo gela- 
tinous degeneration, a change which is largely responsible for the white 
swelling so characteristic of tuberculous arthritis. When the gelatinous 
tissue undergoes caseation and liquefaction a tuberculous abscess 
(cold abscess) is formed, the contents of which are not true pus but 
liquefied necrotic tissue. If this is opened or perforates the skin, the 
whole picture is changed, and mixed infection runs riot through all 
the tissues in and around the joint. Caries sicca is a rare form of the 
disease which usually affects the shoulder-joint and pursues a slow 
course with no effusion, quiet absorption of the bone, and the formation 
of dense fibrous adhesions. 



Fig. 495. — Tuberculosis of the knee-joint. The articular cartilage of the femur is eaten 
away and the underlying bone is eroded. 

The termination is very variable. At almost any stage the disease 
may be arrested. This may result in mere stiffness, but when the 
articular surface is destroyecl there will be fibrous or bony anchylosis. 
Amyloid disease may complicate prolonged secondary infection, or 
general miliary tuberculosis may terminate the picture. 

The Relation of Ssrmptoms to Lesions.— Pain, an early and constant symp- 
tom, is due to erosion of the articular cartilage. It is worse when the patient 
drops off to sleep, because then the watchful muscles which hold the joint 
rigid are off their guard. The joint is swollen and has a characteristic fusiform 
contour. Much of the enlargement is caused by the swelling of the synovial 
membrane, but in the later stages the gelatinous swelling of the periarticular 
soft tissues plays a part. Limitation of movement, the earliest physical sign, 
is a natural sequel to any inflammatory lesion in a joint. Muscular spasm is 
an attempt to keep the part at rest. Early atrophy of the surrounding muscles 
is partly due to disuse, but part of it may be due to the action of toxins. 

Syphilis of the Jointe.— Compared with tuberculosis, syphilis of joints is of 
little clinical importance. In the secondary stage there may be an effusion into a 
joint, especially the sterno-clavicular. In tertiary syphilis the changes may 
resemble those of tuberculosis, t. e., swelling of the synovial membrane, erosion 
of the cartilage, and gummatous formation in the periarticular tissue, so that a 
‘‘white swelling*' may develop similar to that of tuberculosis. 


GONORRHEAL ARTHRITIS 1001 

GONORRHEAL ARTHRITIS 

This important form of arthritis occurs in about 2 per cent of cases 
of gonorrhea. The infection is due to spread by the blood stream. 
As Osier remarks, variability and obstinacy are the two most charac- 
teristic features of the disease. The joint infection usually occurs 
about the end of the third week, but it may not set in for some months 
after the original urethral infection. The disease is a polyarthritis, 
but it is usually confined to a few of the large joints, of which the knee 
is the most frequent sufferer. The arthritis may be acute or chronic. 

(1) The acute variety takes the form of an acute synovitis, with heat, 
redness, and swelling of the joint and much pain. There may be a 
moderate amount of turbid effusion. As in the acute arthritis of 
rheumatic fever, there is no destruction of tissue, so that when the in- 
fiamraation resolves there is no permanent stiffness of the joint. 

(2) In milder cases there is a hydrarthrosis, usually limited to one joint 
which becomes distended with serous fluid. (3) Finally, there is a 
chronic and persistent arthritis due to a low-grade infection. This is 
the commonest form, and owing to the chronicity of the infection 
fibrous adhesions may form, leading to permanent stiffness of the joint. 



Fig. 496.— Melon-seed bodies in a joint. Fig. 497.— Cyst of external semilunar 

cartilage. 


Loose Bodies in the Joints.— Three forms of loose bodies in joints may be 
found in such conditions as tuberculosis, osteoarthrosis and Charcot’s disease, 
and loose bodies may occasionally occur in an apparently normal joint. These 
three varieties are fibrinous bodies, fibrous and fatty bodies, and cartilaginous 
bodies. (1) Fihrmous loose bodies occur chiefly in tuberculous joints, and also m 
synovial sheaths and bursae affected by tuberculosis. They take the form of 
small, round or oval bodies like melon-seeds or rice-grains, and may be present 
in large numbers. (Fig. 496.) It is difficult to say if they are formed as the 
result of some fibrinous change on the surface of the synovial membrane or if 
they are deposited from fluid rich in fibrin . (2) Fibrous and faUy loose bodies 
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are formed from villous tags of synovial membrane which become detached in 
tuberculous arthritis and osteoarthrosis, in both of which conditions the 
m^brane is often marked by numerous fringes. Some of the bodies may 
still be attached by a slender pedicle. (3) Cartilaginous loose bodies may 
arise in three different ways, (a) A cartilaginous osteophyte may be detached 
in osteoarthrosis and particularly in Charcot’s disease. (6) A loose body oc- 
curring in an otherwise normal joint has always been a puzzling phenomenon, 
but it appears probable that it is a fragment of articular cartilage which has 
become detached as the result of direct trauma or of muscular or ligamentous 
strain, (c) Synovial chondromata may develop in tags of synovial membrane 
and become detached. 

Cysts Connected with Joints. -The cyst may or may not communicate with 
a joint. A cyst in the neighborhood of a joint is likely to fall into one of three 
groups. (1) Cysts due to distention of a bursal sac which may or may not nor- 
mally open into the joint cavity. (2) Cysts formed by hernial protrusion of the 
synovial membrane through gaps in the capsular ligaments. Such a cyst is 
(;alled a Baker's cyst, which almost always develops in connection with the knee, 
appears in the popliteal space, and may make its way down the leg after the 
manner of a cold abscess. (3) Cysts of the semilunar cartilages of the knee, 
usually the external, occasionally the internal. (Fig. 497.) The cyst is multi- 
locular, the contents are gelatinous, and a preceding history of trauma is 
common. Some of the cysts may have an endothelial-like lining. The lesion 
appears to be the result of a gelatinous degeneration of the fibro-cartilage with 
C 3 ^st formation, so that the pathogenesis is similar to that of ganglion (page 
1009). The cyst lining is probably formed by modified fibroblasts. Some 
writers believe that the cysts arc developmental in character, arising from 
portions of the synovial membrane included in the semilunar cartilage. 

TUMORS OF JOINTS 

Synovial Sarcoma.— This rare tumor arises from the sfxjcialized connective- 
tissue cells which line the sheath. The joint cavity is filled with soft, fleshy, 
vascular processes which seem to arise from many parts of tlie lining. The 
microscopic picture varies. The cells may be spindle-shaped or cuboidal; if 
the latter the^'^ may surround pseudoglandular spaces or be arranged in nests 
suggesting epithelium. The tumor is radioresistant and meta.stasizes to the 
lungs. 

Giant-cell Tumor. The lesion resembles giant-cell tumor of bone, but is less 
destructive and is marked by the presence of numerous lipoid-filled xanthoma 
cells. 

LESIONS OF THE INTERVERTEBRAL DISCS 

Interest in the pathology of the intervertebral discs dates from the 
work of Schrnorl of Dresden in 1925. Each disc consists of: (1) the 
nucleus pulposus, a highly elastic semi-fluid mass compressed like a 
spring between the vertebral surfaces; (2) the annulus fibrosus which 
surrounds and confines the turgid nucleus; (3) the cartilage plate which 
separates the nucleus from the vertebral body. Lesions may develop 
in any of the three constituents. Owing to man's upright position the 
discs are subjected to constant strain for which they were not originally 
intended, so that degeneration in later life is commoner than in any 
other organ, with corresponding loss of the normal cushioning function. 
The three chief pathological conditions related to the discs are hernia- 
tion, posterior displacement, and spinal deformity. 
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Herniation of the nucleus pulposus into the spongiosa of the vertebral 
bodies may be due to lesions of the cartilage plate or the bone. As the 
result of tearing of the cartilage plate (as in compression fracture) or 
degeneration of the plate due to age the turgid nucleus bulges into the 
body of the vertebra. Osteoporosis of the vertebrae allows multiple 
protrusions to occur. These lesions, which are knowm as Schmorl’s 
nodes, are very common and usually of no clinical significance. 

Posterior displacement of the nucleus into the spinal canal, commonly 
called prolapse, is due to degeneration of or injury to the annulus 
fibrosus. In the past the prolapsed disc h^is been mistaken for chon- 
droma or myxofibroma. As a rule the prolapse causes no symptoms, 
but when it occurs between the fifth lumbar vertebra and the sacrum or 
betw^een the fourth and fifth lumbar vertebrte it may press on the fifth 
lumbar or first sacral nerve roots causing first low back pain and later 
sciatica. The symptoms arc relieved by removal of the displaced 
portion of disc. 

Spinal deformitievcsXaifiiX to disc pathology fall into three groups: (1) 
juvenile kyphosis, (2) senile kyphosis, and (3) spondylitis deformans. 
Juvenile or adolescent hyjjhosis occurs in boys, and is associated with a 
series id' prolapses of nucleus pulposus through ruptured cartilage 
plates, probably due to congenital weakness of the plates. There is 
loss of disc substance most marked anteriorly, with consequent pressure 
in that area and interference with growth, so that the vertebra* become 
wedge-shaped and kyphosis results. Senile kyphosis is caused by 
degeneration and destruction of the anterior part of the dis(*s. Spondy- 
litis deformans usually takes the form of osteoarthritis of the spine, 
the typical senile spinal disease. Degeneration of the annulus allows 
the discs to press on the intervertebral ligaments, thus exerting a pull 
on the periosteum to which the ligaments arc attached. The continued 
pull leads to overgrowth of the bone at the margins of the vcrtebrcT 
with the formation of osteophytes, lipping, and limitation of movement. 
In the Marie-Struinpell type of sixmdylitis the discs are converted into 
bone an<l fuse with the bodies of the vertebne; the result is complete 
rigidity, the poker back. 
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CHAPTER XXXIV 

THE MUSCLES, TENDONS, AND BURSAE 

There are some points in connection with the histology of muscle 
which must be kept in mind, else normal appearances may be mistaken 
for the lesions of disease. If fresh muscle newly removed from the 
living body, as in a surgical operation, is at once placed in a fixative 
such as formalin, the fibers may appear wavy and distorted, and the 
contents are broken up so that part of a fiber may present an appear- 
ance of a hyaline structureless lump, while another part appears 
empty. These changes are due to the contractility of the fiber, and 
they can be obviated by keeping the muscle in the ice-box, as is done 
with autopsy material. For differences in the finer histological detail 
before and after rigor mortis as shown by special muscle stains, Miller’s 
paper may be consulted. 

The voluntary muscles are seldom the seat of pathological processes. 
Those which do occur may be divided as follows: (1) atrophic changes, 
(2) degenerative changes, (3) inflammatory changes, (4) fibrotic 
changes, and (5) tumors, A muscle consists of interstitial connective 
tissue as well as muscle fibers, and much of the pathological change 
affects this tissue. 

Atrophic Changes.— Atrophy of a muscle may be due to disuse, to 
joint disease or to nerve lesions. (1) The atrophy of disuse is a com- 
monplace observation. The fibers shrink in size, and if the disuse is 
permanent the contractile substance may be converted into fibrous 
and fatty tissue. (2) The atrophy which accompanies chronic disease 
of a joint, e, g., tuberculosis or rheumatoid arthritis, is partly due to 
disuse, but the atrophy may be so extreme that it seems probable that 
some other factor must play a part. This may be a local toxic action, 
or sensory impressions may pass from the diseased joint to the cord 
and there induce changes in the motor cells of the anterior horn. (3) 
Nevropathic atrophy is seen in injuries of motor nerves, acute polio- 
myelitis, and progressive muscular atrophy. It is evident that in all 
these conditions disuse will play a part in producing the atrophy, but 
in addition there may be a loss of hypothetical trophic impulses to 
the muscles. The electrical ^‘reaction of degeneration” is present in 
these cases. 

Degenerative Changes.— As long ago as 1863, Zenker described the 
degeneration of muscle in t^’phoid fever which goes by his name. 
Zenker’s degeneration is a hyaline change, most commonly seen in the 
rectus abdominis and the muscles of the abdominal wall, but also in 
the diaphragm and the voluntary muscles elsewhere. A similar change 
may complicate the pneumonia of epidemic influenza and that follow- 

( 1005 ) 
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ing epidemic measles, but in these cases the change is confined to 
the rectus abdominis. The aflFected part of the muscle becomes pale, 
undergoes a massive hyaline degeneration, as a result of which it 
becomes remarkably fragile, so that rupture is common, and this may 
be accompanied by hemorrhage and the formation of a hematoma. 
If organisms are circulating in the blood, they may infect the hema- 
toma and cause abscess formation in the abdominal wall. Micro- 
scopically, the first change is a hyaline swelling of the contractile 
substance, followed shortly by a remarkable nuclear proliferation, the 
new cells sometimes filling the sarcolemma sheath, and being con- 
cerned with the removal of the degenerated muscle. There is rapid 
loss of the transverse and longitudinal striations, and the fiber becomes 
amorphous, homogeneous, and highly refractile. Vacuoles may appear 
in the fiber, and the hyaline material may become granular. 

Regeneration of muscle after this hyaline degeneration may be 
remarkably complete, and the entire muscle may be renewed. The 
hyaline clumps become surrounded by phagocytes which fill the 
sarcolemma and remove the debris. At the same time the remaining 
muscle nuclei of the old fiber multiply and produce new muscle cells. 
This complete regeneration is not seen in wounds of muscle, especially 
where a piece has been excised. In such a case there is partial regen- 
eration at the edge of the gap, but most of the union is due to fibrous 
tissue. 

Inflammatory Changes.— Acute inflammation of muscle is not common. It 
affects the interstitial tissue, with secondary destruction of the muscle fibers. 
The infection may spread from a suppurating wound, or small abscesses may 
be formed in the muscle in the course of pyemia. Jn rare cases an acute sup- 
purntivv myositis apj)ears in an otherwise healthy patient, a (jondition analogous 
to acute osteomyelitis in a bone. Here the inflammation is limited to a single 
muscle, the pus being confined within the sheath of the muscle. Acute poly- 
myositis is a rare form of severe n on-suppurative inflammation of many muscles 
of unknowm origin. The muscles are hard, swollen, and extremely painful and 
tender. They show round-cell infiltration with areas of liquefaction . Tubercu- 
losis, syphilis and actinomycosis may in rare cases produce in muscles the 
lesions characteristic of those infections. The inflammatory lesions caused by 
trichiniasis arc described elsewhere. A rare condition easily mistaken for 
trichiniasis is dermatomyositis, a non-purulent myositis associated with inflam- 
mation of the skin. The skin, subcutaneous tissue and muscle are edematous 
and infiltrated with lymphocytes and plasma cells. There is tenderness, pain on 
movement, and erythema of the overlying skin. The prognosis is bad. 

Fibrotic Changes.— Under this general heading may be eonsidered 
myositis ossificans, myositis fibrosa, and congenital torticollis. 

Myositis Ossificans.— There are two kinds of so-called ossifying 
myositis, which bear no relation to one another. They are the trau- 
matic and the progressive forms. Traumatic myositis ossificans is a 
not uncommon condition which may be the result of repeated injury 
to a muscle or a single severe injury, especially when accompanied by 
hemorrhage. A good example is the development of bone in the 
adductor muscles of the thigh in riders. It is possible that osteo- 
blasts are detached as a result of the trauma and become implanted 
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in the muscle where they form bone, but it is also possible that there 
may be a metaplasia of fibrous tissue into bone, especially when there 
has been hemorrhage and tissue destruction. The formation of bone 
which occasionally takes place in the edges of a laparotomy wound 
might be explained on this basis. The great practical importance of 
the condition is the danger that it may be mistaken for an osteogenic 
sarcoma of bone invading the muscle. 

Progressive IVlyositis Ossificans. — This is a very rare progressive disease, 
which commences in childhood and slowly kills the patient. The first lesions 
take the form of doughy and sometimes painful swellings, particularly in the 
muscles of the back and neck. These swellings subside, leaving areas of fibrosis 
in which bone is gradually formed. The progress of the disease is marked by 
exacerbations and remissions. Large bony plates arc formed, and the body 
may finally be enclosed in a sheath of bone which makes all movement impos- 
sible and leads to the death of the patient from respiratory paralysis. The 
disease appears to be some obscure disorder of the bone-forming power of 
the tissues, for congenital bony defects such as microdactylia in the hand and 
absence of a phalanx in the great toe are often present. 

Progressive Myositis Fibrosa. -This is another very rare condition, much 
less well recognized than myositis ossificans, but essentially similar in nature. 
Many muscles of the back and upper limbs develop swellings in part or the 
whole ()f the muscle, more especially at the attachments. The swelling is 
hard, diffuse and painless. In a few days it decreases in size and becomes 
harder and this induration is permanent. The swelling may suddenly recur, 
as in the case of myositis ossificans. Microscopically there is a marked gen- 
eral increase in the fibrous tissue of the muscle, with degeneration and dis- 
appearance of the muscle fibers. There is a notable absence of round-cell 
infiltration. It seems probable that the disease is identical with myositis 
ossificans, with the exception that in the latter disease the new-formed fibrous 
tissue becomes converted into bone. 

Congenital Torticollis.— (Congenital torticollis may be regarded as the result 
of a localized form of myositis fibrosa which usually develops about the age 
of four years. In these cases the history goes back to the so-called **sterno- 
mastoid tumor of infancy,'^ which generally appears about ten days after birth. 
A spindle-shaped swelling develops in the sterno-cleido-mastoid; this is pecu- 
liarly hard and feels like cartilage. The swelling persists for two or three 
months and is then gradually absorbed, disappearing entirely in four to six 
months after birth. If the muscle is now excised it is found to consist entirely 
of fibrous tissue with complete replacement of the muscle fibers. The neck 
lengthens rapidly in the fourth year, and as the fibrosed muscle is unable to 
grow, the head is pulled over to that side — a condition of congenital torticollis. 
Middleton has shown that the sterno-cleido-mastoid tumor is produced as 
the result of acute venous obstruction due to pressure on the veins during 
labor, rendered permanent by thrombosis of the veins. When the artery to 
a muscle is tied experimentally or the artery and vein together, the result is 
simple atrophy. But aa hen the vein above is tied, the arterial supply being 
left intact, the muscle becomes acutely swollen, hard and tender, and very 
cyanosed. The fibers disintegrate and the muscle is densely infiltrated with 
round cells. In the course of a few months such a muscle is completely replaced 
by fibrous tissue. When the vein alone is obstructed the autolytic products 
from the breaking down muscle fibers are not carried away from the part and 
apptear to stimulate proliferation of fibroblasts. The marked edema of the 
muscle also favors the formation of fibrous tissue. 

Dupusrtren’s Contraction.- - Owing to thickening, hardening and shortening 
of the palmar fascia the fingers may become progressively flexed on the P^nb 
so that normal use of the hand is impossible. The etiology is unknown. The 
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microscopic picture is one of active proliferation of fibroblasts which may be 
mistaken for fibrosarcoma, with dense collagen formation. 

Volkmann’s Contracture.— This condition,, called originally by Volkmann 
ischemic contracture, usually occurs in young people and affects the muscles 
of the forearm. It is commonly associated with the pressure of splints or a 
tourniquet or with hemorrhage resulting from a fracture. Within a few hours 
of the receipt of injury burning pain develops in the hand or forearm. This 
is followed by contracture of the fingers which become fixed in the flexed 
position. If the muscle is exposed when the condition is fully developed it is 
hard, homogeneous, yellowish in color and is not recognizable as skeletal muscle. 
Microscopically the nuclei and cross striations are lost, there may be an in- 
filtration of inflammatory cells and phagocytes at the margin of the area, and 
the picture is one of infarct, similar to that of a cardiac infarct. Later the 
part becomes fibrosed. 

Volkmann originally (1872) believed that the cause of the condition was 
direct pressure on the arteries. In 1914 the ischemic theory was given up, 
and the view substituted that venous obstruction was the causal factor (J. B. 
Murphy). A return has now been made to the idea that the condition is 
essentially ischemic in nature, due usually to arterial spasm resulting from 
injur>^ to the wall of the vessel (Griffiths). An identical picture, both patho- 
logical and clinical, can be produced in the rabbit by ligating the arteries to a 
limb. 

Fibrositis.— Reference may be made in this place to the subject of fibrositis, 
commonly called muscular rheumatism. In this condition chronic inflamma- 
tory foci are found not only in the muscles, but also in the subcutaneous tissues, 
nerve sheaths, periarticular structures, etc. At first there is an acute inflam- 
matory edema with swelling of the connective-tissue fibers; the center of the 
lesion may be necrotic. Any cellular exudate is slight and lymphocytic in type ; 
poly morphonu clears are absent. The tension caused by the localized edema 
irritates the nerve endings, and muscular movement (as in sciatica, stiff neck, 
etc.) may be accompanied by intense pain. 

Tumors. -Tumors of striated musole, cither primary or secondary, are re- 
markably rare. Primary tumors may be myoblastoma or rhabdomyoma. 
Myoblastoma consists of round or elongated cells in ribbons or bundles; they 
have the strongly acidophilic cytoplasm of muscle fibers, but no transverse 
striations or only very faint striations shown by iron hematoxylin. Large 
multinucleated syncytial masses may be present. The most characteristic 
feature of the cells is their markedly granular cytoplasm, so that they have 
been called granular-cell myoblastoma. It is by no means certain that these 
tumors arise from myoblasts, for they are found in sites devoid of striated 
muscle, as well as in the substance of such muscle. The most common site is 
in the tongue and mouth. The tumors are benign, a further argument against 
their origin from primitive muscle cells, especially as tumors consisting of 
striated fibers are markedly malignant. Rhabdomyoma consists of fully striated 
fibers. It occurs in the heart, bladder, vagina and cervix, and is highly malig- 
nant. On mucous surfaces, such as bladder and vagina, it tends to be lobulated 
and polypoid. 

IV^as^enia Gravis.— This rare and mysterious disease is characterized by 
great weakness, most marked in the muscles of the face, but shared to a lesser 
degree by the other muscles. Nothing is found in the affected muscles or in 
the nervous system to account for the myasthenia. It is true that the muscles 
show a marked degree of infiltration with small round cells, but there is no 
atrophy of the fibers, and similar infiltrations of small cells are found in the 
liver, adrenals and other organs. The meaning of these infiltrations is quite 
obscure, but there is hyperplasia of the thymus in 50 per cent of the cases. 
Definite thymomas have been described, and there may be thyroid hyperplasia. 
All this suggests a possible endocrine basis for the disease. The myoneural 
junction is the probable seat of the trouble. Normal excitation transmission at 
this junction depends on the liberation of acetylcholine, and probably is con- 
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ditioned by endocrine activity. Prostigmine acts on the myoneural junction, 
IS very valuable in treatment of the disease. The occasional association 
of thymic tumors with myasthenia gravis suggested to Blalock the possibility 
that removal of the thymus, even though no tumor was present, might be 
beneficial, a hope which has been abundantly satisfied. A number of the 
cases recovered so completely that it was possible to discontinue the prostig- 
mine. 


TIIE TENDONS 

Tenosynovitis.— The tendons are non- vascular and therefore im- 
mune from inflammation, but the tendon sheaths at the wrist and 
ankle are often infected. All the usual forms of inflammation are 
met with in the tendon sheaths. Traumatic tenosynovitis occurs in 
piano-players, typists, and others whose tendons are subjected to 
excessive use. Fibrin is laid down on the wall of the sheath and the 
surface of the tendon, so that cracking is felt when the tendon is used. 
If effu.sion o(;curs, an elongaterl swelling appears in the line of the ten- 
don. Supimrative tenosynovitis may result from spread of infection 
from a septic process in the fingers. Gonorrheal tenosynovitis may be 
dry, serous, or suppurativ^e. Tuherculoiis tenosynovitis resembles tuber- 
culous arthritis. There may be an abundant formation of tuberculous 
granulation tissue causing a “white swelling” like that seen in tuber- 
culosis of a joint. Or there may be abundant serous effusion (hydrops) 
with only limited production of granulation tissue, but abundant 
deposits of fibrin which are rubbed off by the play of the tendon, so 
that large numbers of melon-seed bodies are formed. 

Ganglion.— This is a cystic swelling which develops in connection 
with a tendon sheath. The common position is the back of the wrist, 
but it may occur on the back of the foot and rarely on the outer aspect 
of the knee. It is attached to the tendon sheath or the joint capsule, 
but does not communicate with these cavities. It appears to com- 
mence as a proliferation of the connective tissue of the sheath; this 
undergoes mucoid degeneration with the formation of numerous small 
cysts which fuse t(^ form one large cyst filled with sof” mucoid material. 
Although we have spoken of a cyst, it is not a true cyst, for there is no 
endothelial lining. The condition known clinically as compound palmar 
ganglion is a tuberculous tenosynovitis. 


THE BURSiE 

A bursa, which is a sac lined by synovial membrane and containing 
synovial fluid, may be the seat of inflammation or tuberculosis. ^ Ttau- 
7natic bursitis is usually caused by chronic and repeated irritation 
(“housemaid’s knee,” “indent’s elbow”), but occasionally it is due to 
a blow. The bursa is distended with serous fluid (hydrops), and in 
course of time the wall becomes thickened and covered with ridges 
and tags. The latter may be detached, forming melon-seed bodies. 
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Infective burdtis is caused by a perforating wound or direct spread of 
infection from the adjacent joint. Tnhercidotis bursitis may take the 
form of hydrops with melon-seed bodies, or the bursa may be filled 
with granulation tissue, which eventually undergoes softening and 
liquefaction. 
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CHAPTER XXXV 
DENTAL PATHOLOGY 

Although the care of the teeth belongs to the dental profession, 
the well-educated doctor should know at least something of the prin- 
cipal diseases of these structures, notably caries, periapical abscess, 
and pyorrhea alveolaris. A mere outline of these conditions is all 
that is attempted in the following pages. 

Anatomical Considerations. — The teeth are homologous to the der- 
mal scales of certain fishes, and to such appendages of the mammalian 
skin as the hair and nails. A hair is a horny structure composed of 
epithelial cells resting on a papilla of connective tissue containing 
bloodvessels and nerves. A tooth is a calcified structure formed by 
epithelial cells resting on a papilla of connective tissue; the outer part 
of this dental papilla becomes calcified to form the dentine, the inner 
part remaining as the dental pulp supplied with vessels and nerves. 

A tooth is composed of four structures: (1) enamel, (2) dentine, 
(3) pulp (the formative tissue of the dentine), and (4) ccinentuni. 
The enamel is the hardest of animal tissues, but it is brittle and easily 
fractured. The dentine forms the main bulk of the tooth; it is strong 
and elastic, therefore not readily broken. Such a specialized tooth as 
the elephant’s tusk consists of dentine without any covering of enamel, 
as it is designed for digging and fighting, functions for which toughness 
is needed and brittleness is undesirable. The dentine is traversed by 
great numbers of fine channels known as the dentinal tubules which 
pass from the pulp outward to the inner surface of the enamel and 
cementura. As the dentine is formed from the dental connective tissue 
papilla it is mesodermal in origin. The yidp represents the remains 
of the formative organ of the dentine. The outer layer next the 
dentine contains specialized tall columnar connective cells, the odon- 
toblasts, with long cytoplasmic fibrils which extend into the dentinal 
tubules; these are the only columnar connective-tissue cells in the 
body. In addition to the odontoblasts, the pulp contains numerous 
ordinary connective-tiL'sue cells and abundant bloodvessels, lymphatics, 
and nerves. The nerves end around the odontoblasts, but do not pene- 
trate into the dentine, so that the odontoblasts form a connecting link 
between the sensitive dentine and the nerves. The nerves of the pulp 
respond in only one way when the dentine is stimulated by touch, heat 
or cold, and that is by pain. It is evident from what has been said 
that the constitution of the pulp enables that structure to develop 
a marked inflammatory reaction against bacterial infection, whereas 
no such reaction is possible in the avascular and acellular dentine and 
enamel. The ctmientum, which closely resembles bone histologicalK , 

( 1011 ) 
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covers the dentine in the root portion of the tooth, and meets the 
enamel at the gingival line. It furnishes an attachment for the strong 
connective tissue fibers which fasten the root of the tooth to the bone 
of the alveolus. The 'peridental membrane or pericementum, which 
may be regarded as the periosteum of the tooth, is the fibrous con- 
nection between the bone and the cementum of the root. It is abun- 
dantly supplied with nerves which are responsible for the sensation 
felt when the tooth is touched. Atrophy of this membrane is followed 
by loosening of the tooth in its socket. Its normal functions may be 
summarized as nutrition, retention, and cushioning. 

CARIES 

Caries or dental decay is the most prevalent of all the diseases of 
the teeth. It has existed from prehistoric and early historic times. 
It is found in the teeth of Egyptian mummies. It is world-wide in 
its distribution, but certain races are remarkably exempt, e, g., African 
natives and Eskimos. When these peoples adopt civilized customs, 
however, they tend to develop caries. The etiology of caries is a 
singularly complex subject involving a large number of factors both 
local and constitutional, a consideration of which will be postponed 
until the process itself has been described. Caries is primarily a 
disease of childhood, adolescents and young adults. The greatest 
susceptibility is at the period of the eruption of the teeth, the maximum 
incidence being in the interval of transition from the deciduous to the 
permanent teeth. The disease is commonest in the molars, then the 
upper incisors, then the bicuspids; the lower incisors and canines are 
rarely affected. 

Lesions.— Dental caries is an unique process, unlike any other in 
human pathology. It must not be confused with caries of bone, which 
is an inflammatory reaction to infection, for we have already seen that 
neither the enamel nor the dentine contains the vessels and connective- 
tissue cells without which an inflammatory reaction is not possible. 
The tissues affected by caries are the enamel, the dentine, and the 
cementum, with secondary infection of the pulp. The enamel consists 
almost wholly of inorganic material (salts), whereas the dentine consists 
of 30 per cent organic matter (collagen and elastin). The pathogenesis 
of cavity formation in these two structures will differ accordingly. 
The mineral salts of the enamel are soluble in acids, and it is by acids 
that they are dissolved in caries. These acids are produced from the 
carbohydrates of the food by acid-forming bacteria, and the oppor- 
tunity for the acids to act is afforded by the presence of fissures or 
defects on the occlusal surface. (Fig. 498.) In other cases the process 
commences on the lateral surface at the point of contact of two con- 
tiguous teeth, both of the teeth being commonly affected. The acid 
(lactic, malic, formic, acetic) dissolves the cement substance of the 
enamel at the bottom of the fissure, and a localized area of disintegra- 
tion is produced which is wedge-shaped, with the apex at the surface 
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and the base toward the enamel-dentine junction. When the process 
reaches the dentine it proceeds more rapidly and more widely, spreading 
laterally along the line of junction owing to the branching of the 



Fiq. 498.— Deep fissure in enamel of occlusal surface. (Noyes.) 


dentinal tubules, and deeply into the dentine along the line of these 
tubules. The inorganic matter is here also dissolved, and again the 
area of disintegration is wedge-shaped, but this time with the base at 
the enamel-dentine junction and 
tlie apex toward the pulp. The 
bacteria spread readily along the 
dentinal tubules, so that the pulp 
is always potentially infected in 
every case in which the dentine 
is involved. (Fig. 499.) The 
organic matrix of the dentine is 
digested by proteolytic ferments 
of bacteria, which are either the 
original invaders or organisms of 
another group representing a 
secondary infection. As a result 
of the combined process a large 
area of dentine may be destroyed 
with the formation of a cavity of 
considerable size, although the 
original lesion in the enamel may 
still be quite small. Eventually 
the remainder of the enamel may 
cave in, resulting in a sudden marked enlargement of the cavity. The 
process is a steadily progressive one, as neither the enamel nor the 
dentine is capable of resistance or repair, although a formation of 



Fig. 499. — A drawing showing the 
microorganisms of caries growing through 
the dentinal tubules. (G. V. Black.) 
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‘‘secondary dentine” may be laid down between the dentine and the 
pulp, reducing the size of the pulp cavity; even this reaction is im- 
possible in a devitalized tooth. The paiii of caries is due to the in- 
flammatory reaction which results from infection of the pulp. 

Etiology.— The etiological agents may be divided into predisposing 
causes and exciting causes. The predisposing causes may be further 
subdivided into constitutional factors, e. g,, diet and heredity, and 
local factors, e. y., anatomical, local hygiene, and the condition of the 
saliva. There is general agreement that the exciting cause is bacterial 
infection with acid-producing organisms, which break up the carbo- 
hydrates of the food debris with liberation of organic acids. Bunting 
believes that caries is a specific entity caused by infection with Lacto- 
bacillus acidophilus, and many workers are of this opinion, while 
others think that non-hemolj’tic streptococci and other organisms 
may act in a similar manner. The digestion of the organic matrix of 
the dentine may be brought about by the lactobacillus or perhaps by 
putrefactive strains of bacteria. 

It is with regard to the predisposing factors that the greatest differ- 
ence of opinion exists. The experimental work of May Mellanby with 
vitamin 1) and Howe and Wolbach with vitamin A has shown that 
avitaminosis leads to defective formation of the developing teeth, 
but there is no general agreement that there is any necessary relation 
between this defective formation and the development of caries. 
It is hardly safe to say more than that diet, in some manner apparently 
not depending on deficiency of any one ingredient, plays some part in 
the production of caries. There can be no doubt that a well-balanced 
diet, especially one lacking in cereals which have an inhibitory influence 
on calcification of the teeth, is the best preventative of caries. In the 
little island of Tristan da Cunha, isolated in the south Atlantic, there is 
a community of white people with less caries than anywhere else in the 
world, and on this island no cereals can be grown owing to an infestation 
w^ith rodents. It is of interest to note that there is not a single tooth 
brush on the island. A constitutional factor of undoubted importance 
is heredity. Some families are almost immune to caries, while in others 
every member shows the disease in advanced form. 

Local factors are of equal or greater importance. Anatomicfil defects 
in the shape of occlusal fissures in the enamel give the bacteria the 
opportunity to work unmolested with no danger of the acids they 
pnxluce being w^ashed away by the saliva. Ix)cal hygiene plays a 
part. While it is not true that a clean tooth is necessarily a healthy 
one, it stands to reason that continued removal of food debris will 
tend to prevent the establishment of the conditions favorable to the 
development of caries. The saliva is a local factor which may be of 
great importance. In some mouths lactobacilli fail to flourish even 
w^hen repeatedly introduced. This may depend on the pll of the saliva, 
or on other salivary factors so far undetermined. When caries begins 
on a smooth enamel surface it is due to the formation of a “bacterial 
plaque,” a colony of bacteria which becomes attached to the surface 



PERIAPICAL ABSCESS 1015 

as the result of some property of the saliva. The acids formed under 
tms pmque are prevented from diffusing, and act locally on the enamel. 
Thus immunity to caries may be due to faultless enamel, or to the fact 
that the environmental conditions are inimical to the growth of sapro- 
phytes in spite of the presence of deep fissures in the enamel. From 
the above brief review it is evident that we can agree with the statement 
that “the complete story of the causation of dental caries cannot yet be 
written” (Appleton). 

PERIAPICAL ABSCESS 


We have already seen that when the integrity of the enamel Is de- 
stroyed, infection readily passes along the dentinal tubules to reach 
the pulp. The result may vary from 


a mild pulpitis to severe suppura- 
tion, necrosis and gangrene of the 
pulp. The infection tends to extend 
through the apical foramen which 
admits the vessels and nerves, and 
may set up an acute periodontitis 
or a chronic apical periodontitis 
(dental granuloma). An acute peri- 
odontitis is likely to take the form 
of an abscess at the root of the tooth. 
This may remain circumscribed as a 
root abscess (Fig. 500) or the suj)- 
puration may spread into the sur- 
rounding bone (osteomyelitis) with 
the formation of an alveolar abscess. 
Such an abscess tends to discharge 
into the mouth either on the lingual 
or the labial side of the alvecdar 
process. When the abscess is in the 
mandible, it may discharge on the 
skin surface. The regional submax- 
illary lymph nodes are swollen and 



Fia. 500. — Dental disease. A, Caries 
alTeetinK crown of tooth and penetra- 
ting down to the pulp. B, Pyorrhea: 
shrinking of bo ie and Bum away from 
tooth. C, Root absf-ess. 


tender. 

A dental granuloma or chronic apical periodontitis is a condition 
charncterizeil by the formation of a mass of chronie inflammatory 
tissue around the apex of a tooth. It therefore contains polymorpho- 
nuclear leucocytes, lymphocytes, plasma cells, mononuclear phagocjdes, 
and fibroblasts in v.arying proportion, and is surrounded by a connec- 
tive tissue capsule which blends with the healthy periodontal mem- 
brane, thus uniting the “growth” to the tooth. More distinctive is the 
presence of masses of squamous epithelium, probably derived from the 
"paradental epithelial debris” of Malassez. These are cell clusters 
found almost constantly in the periodontal membrane, and represent 
the remains of the enamel organ which extends as an epithelial sheath 
around the root (sheath of Ilertwig) before the eruption of the tooth. 
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The epithelial masses may proliferate as the result of the chronic 
irritation, and finally undergo cystic degeneration to form dental or 
radicular cysts. 

PYORRHEA ALVEOLARIS 

Like caries this condition is very common, but it is entirely unrelated 
to caries. Caries is a disease of the young; pyorrhea is more common 
after the age of thirty-five. In Tristan da ( 'unha, where caries is almost 
non-existent, pyorrhea is quite prevalent. Caries is a disease of the 
tooth ; pyorrhea is a disease of the surroundings of the tooth. It is a 
chronic inflammatory process, commonly associated with suppura- 
tion, involving the alveolar process, the periodontium, and the gums, 
and results in loosening and loss of the teeth. For this reason there is a 
tendency to discard the term pyorrhea in favor of such names as perio- 
dontal infection, pericementitis, and paradentosis (the newest and 
perhaps the best). 

The primary lesion is an atrophy of the alveolar margin and the 
periodontal membrane (pericementum), as a result of which a gingival 
crevice is formed by separation of the oral from the enamel epithelium. 
As long ago as 1771 that great student of disease, John Hunter, made 
the observation that marginal alveolar atrophy is the first lesion in 
pyorrhea. This crevice increases in depth and becomes lined by a 
downgrowth of oral epithelium. When the process of rarefaction and 
absorption extends sufficiently far, the tooth becomes loose and finally 
is lost. The condition is therefore in no sense a disease of the tooth. As 
soon as the tooth falls out or is extracted recovery occurs, but spontane- 
ous recovery is impossible as long as the tooth remains in the jaw, for 
there is constant reinfection of the gingival space together with calcare- 
ous deposits on the root. The deep gingival crevice may be compared 
with the fissure on the occlusal surface of the tooth which forms the 
common starting point of caries. The food lodges in this crevice, infec- 
tion occurs, and the result is a chronic suppuration of the periodontal 
membrane and the gum margins with accompanying discharge of pus. 
The gums are swollen, spongy, soft, and bleed easily ; they may be dark 
red or pale. As the result of the suppuration the epithelium lining the 
crevice undergoes necrosis, and the bacteria invade the surrounding 
tissue. As a rule, however, the patient with pyorrhea appears to be in 
perfect health. The earliest microscopic change is a round-celled infiltra- 
tion of the connective tissue at the apex of the gum margin. This infil- 
tration spreads along the lymphatics under the epithelium lining the 
gingival trough and down the periodontal membrane. Fish is of the 
opinion that this chronic lymphangitis is responsible for the sequence 
of events, the chronic irritation causing the cementum to be absorbed 
and the epithelium to be stimulated to grow down and become at- 
tached to the healthy cementum. 

The etiology of pyorrhea has been the cause of much dispute, and, 
as in the case of caries, the factors to be considered are both consti- 
tutional and local. It appears probable that constitutional causes play 
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a part in the alveolar atrophy which is the/o?w et origo of the condition. 
There is an osteoporosis and rarefaction which may be compared with 
that of osteitis fibrosa. Box describes a rarefying pericementitis 
fibrosa, which allows a falling away of the gums from the tooth and 
the creation of a pocket. As in osteitis fibrosa and Paget’s disease 
of bone there appears to be a disturbance in the balance of bone 
apposition and resorption. Many cases show an increase in the blood 
calcium. The blood phosphate is often low. It appears probable 
from experimental work on animals that the most important predis- 
posing cause is a fault of nutrition, possibly connected with avitamin- 
osis and disturbance of the acid-base balance of the blood. There is 
no consensus of opinion as to whether any particular vitamin is at 
fault, but in the dog it has been found that vitamin A deficiency 
causes absorption of the alveolar process. The prevalence of pyorrhea 
in Tristan da Cunha may be related to the one-sided character of the 
diet. In support of the constitutional basis of the disease it may be 
noted that there is a close and frequent relationship between pyorrhea 
and diabetes mellitus. 

The local factors take the form of local irritation and trauma, and 
may be regarded as exciting causes. The trauma caused by faulty 
occlusion of opposing teeth, loss of contact between the teeth, faulty 
fillings, and the formation of calcareous deposits, may, in the opinion 
of dental authorities, cause that recession of the bone from the tooth 
which is the essence of periodontal infection. The bacteriology is not 
constant, Non-hemolytic streptococci are most commonly found in 
the pus pockets and invade the gum. Spirochetes and fusiform bacilli 
are remarkably constant, but they are found in the presence of any 
decomposing organic material. Entaraajba gingivalis is frequently 
present, but appears to be quite non-pathogeiiic. Although infection 
is secondary and not primary, it is to the infection that any systemic 
results are due. 

FOCAL INFECTION 

The general subject of focal infection has already been considered 
in Chapter VI, and the distinction drawn between focal infection and 
of focus of infection. A focus of infection is a circumscribed area 
infected with bacteria which have caused a local tissue reaction. With 
such a focus there are the following theoretical possibilities: (1) The 
bacteria may pass into the lymphatics and cause lymphadenitis of the 
regional lymph nodes. (2) They may enter the blood stream, multiply 
there, and set up an acute or chronic septicemia. (3) They may not 
multiply in the blood, but may settle in some distant part and multiply 
there. This is what is usually known as focal infection. (4) They 
may remain localized, but their toxins may be absorbed and set up 
degenerative and fibrotic changes in distant organs. 

There are three possible foci of infection in relation to the teeth: 
(1) chronic periapical infection (root abscess, dental granuloma), (2) 
infection of the dental pulp, and (3) pyorrhea alveolaris. Of these, by 
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far the most important is the dental granuloma, because of its confined 
character which facilitates absorption of bacteria into the vessels. 

The observations and conclusions of Fish and MacLcaii on the 
relation of oral streptococci to focal infection are remarkably interest- 
ing. They found that cultures from the roots of extracted teeth, 
irrespective of the condition of the tooth, always showed streptococci, 
although there was no microscopic evidence of iiiflaiiimatioii in the 
periapical tissue. The conclusion they draw is that the germs gain 
entrance to the roc^t during extraction. In chronic infection the 
streptococci are confined to a necrotic nidus surrounded by leucocytes 
or they may take refuge in the dental canals. Thus a position of 
stale-mate is established: the leucocytes are killed if they go in and 
the streptococci are killed if they venture out. The organisms do not 
live in the living dental and paradental tissues, but they irritate them 
with their toxins. Fish and MacLean made the renuirkable observa- 
tion that streptococci appear in the blood within five minutes of 
extracting teeth in pyorrhea, and even chewing hard candies has the 
same elfect of pumping germs from the infected gums into the blood. 
The blood soon becomes sterile, sometimes in ten minutes. 

Almost every conceivable lesion has at one time or anotlicr been 
attributed to foci of infection in connection with the teeth. The 
following list of diseases is less open to criticism than the lengthy lists 
often drawn up by the enthusiastic advocates of focal infection ; chronic 
infective arthritis, myositis, endocarditis, nephritis, iritis and irido- 
cyclitis. The problem is usually attacked from the angle of tlic patient 
suffering, say, from arthritis, and, as might be expected, roentgen-ray 
examinations will often reveal the presence of a quiet periapical gran- 
uloma. It is even more instructive to investigate the matter primarily 
from the dental standpoint. ^lore than one large survey of university 
students with dental granulomas revealed by roeritgen-rays has been 
made, and such a survey has always showed that the persons with 
dental foci of infection have no more arthritis or heart disease than 
do the normal controls. 

DIET AND THE TEETH 

A large mass of experimental work has been carried out in n^cent 
years with the object of determining the relation between deficiencies 
of diet and defects in the developing teeth of animals. Many positive 
results have been recorded, but it is singularly difficult to ajiph^ tht‘si‘ 
results to the problems of dental pathology in the human. Conditions 
in the mouths of such animals as the dog, the rat, and the guinea-pig 
differ widely from those which obtain in the human mouth. Moreover, 
different species vary widely in their reaction to dietary deficiency. 
Thus the rat is not affectecl by a deficiency of vitamin (’ (antiscor- 
butic), while the guinea-pig is unaffected by a deficiency of vitamin 1) 
(antirachitic), although the human child will develop scurvy and rickets 
as the result of such deficiency. 
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Wolbach and Howe believe that vitamin A deficiency is the most 
important of vitamin deficiencies in its effect on tooth formation. 
In their work on rats they found atrophy both of the enamel and the 
dentine in the developing incisor teeth. The initial effect is on the 
enamel organ, the enameloblasts atrophying first and then the rest 
of the organ. In the guinea-pig ossification of the enamel occurs in 
place of calcification. Atrophy of the odontoblasts follows, with 
defective formation of the dentine. Vitamin A appears to be respon- 
sible for the proper formation of the epithelium of the gum margin 
adjacent to the teeth, and if the vitamin is deficient this epithelium 
becomes hyperplastic and infected, with resulting gingivitis. 

May Mcllanby has worked extensively with vitamin 1), and believes 
that deficiency of this vitamin holds the key to the problem of dental 
disease. She found that teeth of all textures could be produced in 
puppies by variations of the food in relation to vitamin 1) and calcium. 
A high calcium in the diet assists the vitamin, and helps to offset any 
vitamin deficiency. Cereals in large amount undoubtedly interfere 
with adequate calcification of the developing tooth. While it is true 
that the dentine is homologous to bone, it must be remembered that 
this is not equally true of the enamel which is an epithelial structure. 
Teeth are well formed in races where breast-feeding is prolonged, 
where there is a plentiful intake of vitamin L), and where sunlight 
has ready access to the exposecl body. 

Vitamin C seems to be necessary for healthy gums. Deficiency in 
this vitamin, as in scurvy, soon leads to sponginess, bleeding and infec- 
tion of the soft tissues. 

There is general agrceincut as to the fact that an adequate well- 
balanced diet is one of the most important factors in the formation 
of sound teeth and the prevention of caries, but it appears premature 
at present to ascribe a major role to any one constituent such as a par- 
ticular vitamin. The ratio of calcium to phosphorus appears to be of 
importance, for rats tend to develop caries when there is a relative 
deficiency of phosphorus in the diet. 

MOTTLED ENAMEL 

It is well known that infectious fevers in childhood may leave their 
mark on the enamel of the teeth, just as they may affect the structure 
of the nails. The term nu^ttled enamel, however, is restricted to a 
peculiar condition which is markedly endemic in its distribution, 
affecting particularly the ^lississippi ^ alley and the llock\ Aloimtain 
regions of ^orth America, and certain well-defined districts in hiUropc. 
ft may be prevalent in a community, only to disappear when the water 
siipph” is changed. The enamel of the teeth has an opaque white 
appearance, and may be stained yellow% brown, or even black. The 
surface may be corroded, owing to an absence of the cementing sub- 
stance between the enamel rods, but there is no relation to caries. 
It is apparently due to an excess of fluorine in the water, the danger 
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line being 2 parts of fluorine per million. A similar condition can be 
produced in young rats by feeding with sodium fluoride. It develops 
in children during the first three or four years of life, a period at which 
the enamel is undergoing calcification. Change of the water supply 
or distillation of the water results in absolute prevention, but fails 
to restore the affected teeth to the normal. 

H3rpoplasia. — Hypoplasia of the enamel is caused by interference 
with the function of the enamel-forming tissue during development. 
This interference may be due to any serious disturbance of nutrition, 
but most often follows infectious diseases that affect the epithelium, 
e, gr., the acute exanthemata such as scarlet fever and measles. The 
defect takes the form of irregular pits upon the crowns of the teeth. 
In severe cases the crowns of all the teeth may be extensively honey- 
combed, the incisors being most frequently involved. The well-known 
lesions of the teeth in congenital syphilis (Hutchinson teeth) are 
examples of interference with the development of the enamel due to 
a systemic infection. 

Odontogenic Tumors. — Tumors derived from dental or potential dental 
tissue may arise from the epithelial or the mesenchymal structures of the tooth. 
The epithelial tumor, the adamantinoma or enamcloblastoma, arises from the 
enamel organ, and has already been considered on page 311 . Tlie mesenchymal 
tumors are odontogenic fibroma, dentinoma and cementinoma. Even more 
frequently the tumors are of mixed epithelial and mesenchymal structure. 
Excellent illustrations of the various forms will be found in the paper by Thoma 
and Goldman. 
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When more than one reference is given, the principal reference is indicated by 

heavy-faced typo. 


Abdominal waU, actinomycosis of, 601 
desmoid tumor of, 601 
fibroma of, 278, 601 
lipoma of, 601 
ossification of, 601 
Abortion, tubal, 711 
Abscess, 117 

alveolar, 1015 
at root of tooth, 1015 
Brodie’s, 959 
cold, 805, 961 
healing of, 181 
of brain, 887 
of liver, 558 
of lung, 441 
of ovary, 713 
periapical, 1015 
peri nephritic, 640 
retropharyngeal, 486 
root, 1015 
subphrenic, 598 
tubo-ovarian, 709 

Abscesses, embolic, in acute bacterial 
endocarditis, 364 
Absorption of bone, 951 
Acardiac fetus, 247 
Acarus scabiei, 237 

Acetyl ace tami nofluorine, carcinogenic 
action of, 263 

Achalasia of esopliagus, 493 
of intestine, 541 

Achlorhydria in pernicious anemia, 827 
Achlorhydric? ^nemia, simple, 835 
Achondroplasia, 984 
Achylia gastrica in pernicious anemia, 
827 

Aoidophil adenoma of pituitary gland, 
790 

Acidosis in diabetes mellitus, 588 
Acids, corrosive, 339 
Acoustic nerve tumors, 937, 1007 
A crania, 246 
Acromegaly, 787 

thymus gland in, 819 
Actinobacillosis, 185 
Actinomycosis, 184 

of abdominal wall, 601 
of breast, 749 
of intestine, 524 
of liver, 560 
of lung, 185, 466 
Acute bacterial endocarditis, 364 
myocarditis, 370 


Acute syphilitic myocarditis, 370 
toxic myocarditis, 371 
yellow atrophy, 549 
Adamantinoma, 311, 1020 
Addison's disease, 754 

relation of melanin to, 39 
thymus gland in, 819 
Adenocarcinoma, 308 
embryonal, 672 
of breast, 740, 743 
cyst, 744 

Adenocystoma of breast, 738 
Adenoid cystic epithelioma, 307 
Ade nolymph orna of salivary glands, 491 
Adenoma, 300 
fetal, 766, 761 
of adrenal cortex, 756 
of broiKdius, 471 
of islets of Langerhans, 592 
of kidney, 649 
of liver, 563 
of pancreas, 592 
of parathyroid gland, 783 
of pituitary gland, 789 
of stomach, 510 
of thyroid, 763, 766, 768 
true, 763 

Adejiomatous goiter, 766 
Adenomyoma of stomach, 510 
of umbilicus, 602 
Adenomyosis of uterus, 696 
Adenosarcoma of kidney, 648 
Adrenal, 752 

Addison's disease, 754 
cortex, accessory cortical tissue, 752 
adenoma cf, 756 
carcinoma of, 766 

comparison of, with hyper- 
nephroma, 756 
pseudohermaphrodism, 752 
tumors, of, 756 
virilism, 752 
degeneration of, 761 
in anencephalic fetus, 753 
insufficiency, 754 
acute, 756 

massive hemorrhage of, 753 
medulla, chromaffin system, 753 
chroinaffinoma of, 758, 760 
neuroblastoma of, 758, 769 
Hutchinson type, 759 
Pepper type, 759 
pheochromocytoma of, 758, 760 
sarcoma of, 759 
tumors of, 758 

( 1021 ) 
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Adrenal, medulla, tumors of, secondary, 
761 

Adrenogenital syndrome, 758 
African sleeping sickness, 221 
Age, relation to carcinoma, 271 
Agenesia, 919 

of kidney, 653 
Agglutinins, 142 
Agranulocytic angina, 858 
Agranulocytosis, 858 
Air embolsim, 83 
Alastrim ,201 

Albers-Schoiiberg's disease, 984 
Albinism, 41 

Albright^s syndrome, 985 
Albuminous degeneration, 16 
Albuminuria, edema in, 86 

in glomerulonephritis, 614 
orthostatic, 650 
Albumosuria, Bence-Jones, 974 
Alcohol poisoning, 342 
Alcoholism, chronic, 342 
Aleppo boil, 222 
Aleukemic leukemia, 849 
lymphadenosis, 849 
inj^elosis, 849 
Alkalis, caustic, 339 
Alkaloids, poisoning by, 342 
Allergic inflammation, 122, 146 
Allergy, 143 

in localization of infection, 136 
in pneumonia, 424 
in tuberculosis, 167 
sulphonamide, 145 
Alloxan diabetes, 588 
Alveolar abscess, 1015 
Amastia, 750 

Amaurotic family idiocy, 945 
Amenorrhea in hypopituitarism, 788 
Amosba histolytica, 215 
AmcEbic abscess of liver, 558 
dysentery, 215, 616 
Amputation neuroma, 940 
Amyloid degeneration, 28 

localized amyloid deposits, 33 
of kidney, 32, 661 
of liver, 31, 664 
of other organs, 33 
of spleen, 31, 796 
relation of lipoids to, 29 
disease in osteomyelitis, 959 

in tuberculoiis arthritis, 1000 
Amyotrophic lateral sclerosis, 919 
Anaerobic infections, ItK) 

Anamnestic reaction, after typhoid fever, 
161 

Anaphylaxis, 143 
Anaplasia, 242 
Arichylosiiig spondylitis, 997 
Anchylosis, 992 
Anemia, achlorhydric, 835 
aplastic, primary, 838 
secondary, 838 
congenital, 845 
Cooley’s, 842 
deficiency, 826 


Anemia, deficiency, chlorosis, 826, 837 
folic acid, 834 
iron, 834 
of sprue, 833 
pernicious anemia, 826 
Plummer-Vinson syndrome, 836 
primary hypochromic anemia, 
835 

pyridoxine, 837 

dibothriocephalus latiis and, 226, 

833 

edema in, 86 
erythroblastic, 842 
hemolytic, 839 
hypochromic, 835 
in ankylostome duodenalc, 229 
in glomerulonephritis, 617 
in Hodgkin’s disease, 808 
in pregnancy, 834, 835 
leuco-erythroblastic, 839 
ma(5rocytic, 833 
megaloblastic, 833 
myelophthisic, 838 
of infection, 837 
pernicious, 826 

achlorhydria in, 827 
achylia gastricn in, 827 
blood changes in, 827 
plasma in, 829 

bone-marrow changes in, 830 
dietetic factors in, 321 
extra-medullary blood formn- 
tion in, 831 
icterus index in, 829 
Price-Jories’ curve in, 827 
spinal cord lesions in, 832 
symptoms in, 827 
pseudolcukemia infantum, 842 
secondary, 839 

in carcinoma of stomach, 255 
in tumors, 255 
sickle-cell, 841 
splenic, 796, 801 
von Jaksch’s, 842 

Anencephalic fetus, adrenals in, 753 
Anencephaly, 246, 946 
Anesthetic leprosy, 172 
Aneurism, 41 1 

arteriovenous, 41 1 
cirsoid, 412 

congenital cerebral, 412, 870, 875 
dissecting, 412 
balse, 411 
fusiform, 411 
intracranial, 879 
congenital, 879 
of aorta, 413 

of cerebral vessels, atheromatous, 
880 

congenital, 875, 879 
mycotic, 880 
of heart, 375 
saccular, 4 1 1 
traumatic, 411 
true, 411 
varieties of, 41 1 
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Angina, agranulocytic, 858 
pectoris, 378 

lesions of, 378 
Angioma, 289 
of breast, 748 
of lip, 482 
of tongue, 486 
Angiospasti(j diseases, 41 5 
Anitschkow myocyte, 356 
Ankylostonm duodenale, 229 
Anoxemia, in nutmeg liver, 61 
Anoxia, renal, 631 
Anthracosis, 45, 439 
Anthrax, 189 

Antibodies, in loculization of infection 
136 

Anus, imperforate, 247, 643 
Aorta, aneurism of, 413 
coarctation of, 384 
medionecrosis of, 407 
rheumatic disease of, 154, 358 
Aorti(! incompetence, 367 
stenosis, 368 

calcific, 3<)8 
congenital, 382 
Aortitis, rheumatic, 394 
syphilitic, 391 

Api(!al periodontitis, chronic, 1016 
Aplasia of kidney, 653 
Aplastic anemia, 838 
Apoplexy, utcro- placental, 706 
Appendh'itis, 524 

acute suppurative, 526 
chronic, 520 
gangrenous, 526, 528 
iKjurogeiiic, 530 

Appen<li(;ukir obstruction, acute, 524 
Api)endix, carcinoid, of, 534 
fibrosis of, 529 
in Graves’ disease, 530 
in measles, 530 
mucocele of, 530 
neuroma of argentaffin-cell, 534 
Argyll-Robcrtson pupil, 913, 914, 916 
Argyria, 45 

Arnold-( ’hiari malformation, 881 
Arrhenoblastoma of ovary, 722 
Arsenical poisoning, 340 
Arterial hypertension in glomeruloneph- 
ritis, 616 

obstriK^tion in brain, 875 
Arteries, diffuse hyperplastic sclerosis of, 
407 

diseases of, 31^ 
medial sclerosis of, 406 
syphilis of, 391 
thrombosis in, 71 
Arteriolar necrosis, 625 
nephrosclerosis, 620 
sclerosis, diffuse, 407 
Arteriosclerosis, 400 

Arteriosclerotic; kidnejs 620. See Nephro- 
sederosis. 

Arteriovenous aneurism, 411 
Arteritis, acute, 31X) 
rheumatic, 394 


Arteritis, syphilitic, 393 , 910 
temporal, 398 
Arthritis, acute, 991 

non-suppurativc, 092 
suppurative, 991 
chronic, 992 

Charcot's disease, 998 
hemophilic joint, 999 
infective, 992. See Arthritis, 
rheumatoid, 
osteoarthritis, 095 
rheumatoid, 992 
deformans, 992 
gonorrheal, forms of (3), 1001 
rhcumatoicl, 992 , 998 
Arthropods, 237 
Arthus phenomenon, 144 
Asbestosis, 437, 440 
Asciaris lumbricoidcs, 231 
Aschheim-Zondtik test for pregnancy, 683 
Friedman modificiation, 683 
in chorionepithelioma of uterus, 
,703 

in hydatidiform mole;, 705 
in testicular tumors, 672 
Aschoff body, 153 , 356 
Ascites, 600 

chylous, 87, 236, 857 
edema in, 86 
Aspergillosis, 456 
Astiima, 422 
Astroblastonia, 933 
Astrocjytes, 865 
Astrocytoma, 929, 931 
cyst formation in, 931 
Asymmetrical monsters, 247 
Atelectasis, 459 

compression, 460 
congenital, 459 
obstructive, 460 

postoperative pneumonia and, 433 
Athelia, 750 
Atheroma, 401 
Atherosclerosis, 401 
Atresia of uterus, 726 
Atrophic emphysema, 463 
gastritis, 497 
Atrophy, 244 
disuse, 244 
due to toxins, 244 
malnutrition, 244 
neurotrophic, 244 
of heart, brown, 381 
of kidney, 653 
of liver, 565 

acute yellow, 549 
of nervous system, 865 
of spleen, 802 
pressure, 244 
senile, 244 
Autolysis, 51 
Ayerza's disease, 400 

B 

Bacillary dysentery, 514 
Bacillemia, tuberculous, 171 



1024 


INDEX 


Bacillus abortus, 196 
coli infections, 156 
peritonitis, 596 
ocadcmtiens infection, 190 
sporogenes infection, 190 
typhosus, in relation to formation of 
gall stones, 160 
infection, 156 
welchii infection, 1 90 
Bacteremia, 140 

staphylococcal, 148 
Bacterial allergy in tuberculosis, 1 67 
embolism, 83 

endocarditis kidney in, 634 
subacute, 358 
flora, normal, 135 
infections, 147 
myocarditis, acute, 370 
resistance in granulition tissue, 131 
Bacteriophage in bacillary dysentery, 514 
Baker ’s cysts, 1002 
Balantidium coli, 217 
Ball thrombus, 70 
Banti’s disease, 795 
syndrome, 795 
Barlow’s disease, 326, 988 
Bartholin’s gland, gonorrhea of, 708 
Bartonella infections, 1 98 
Basal-cell carcinoma, 305 
Basophil adenoma of pituitary gland, 790 
cells, in pituitary gland, 784 
Bejel, 182 
Bell’s palsy, 941 
Bence-Jones albumosuria, 974 
protein, 856, 974 

in multiple myeloma of bone, 
974 

Benign epithelial invasion, 314 
lympho(!ytic meningitis, 896 
Bergoni^ and Tribondeau, law of, 274 
Beri-beri, 324 

vitamin B and, 324 
Bilateral necrosis of renal cortex, 649 
Bile culture in typhoid fever, 161 
ducts, cananoma of, 582 
pigment deposits in kidney, 652 
Bilharzia hsematobia, 223 
in liver, 564 

infection of bladder, 658 
Biliary calculi, 578. See Gall stones, 
cirrhosis of liver, 556 
colic, 580 

obstruction, 558, 681 
pigmentation, 44 
Bilirubin, formation of, 44 
infarcts, 44 

of kidney, 652 

Biopsy examination (jf tumors, 316 
Blackwater fever, 220 
Bladder, Bilharzia hsematobia infection 
of, 658 

carcinoma of, 662 

non-papillary, 663 
dermoid cyst of, 663 
diverticulum, 664 
extroversion of, 665 


Bladder, leukoplakia of, 658 
malakoplakia of, 663 
mucosal implants, bone formation 
in, 664 

papillary carcinoma of, 662 
sarcoma of, 663 
stone in, 661 
tuberculosis of, 642, 668 
tumors of, 662 
villous papilloma of, 662 
Blastomycosis, 186 
of lung, 456 

Blepharoplasten in ependymoma, 033 
Bloch on dopa reaction, 39 
Blood, 824 

Addison’s anemia, 826 
anemia of pregnancy, 833, 834 
aplastic anemia, 838 
changes in malignancy, 255 
in measles, 207 

dibothriocephalus latiis and, h33, 

834 

in pernicious anemia, 827 
ill typhoid fever, 160 
ciilorosis, 837 

cholesterol in glomerulonephritis, 
616 

clotting of, 65 

diseases, bone-marrow in, 825 
in heredity, 346 
hyperplastic diseases of, 850 
in chloroma, 856 
in erythremia, 857 
in Graves’ disease, 772 
in hemolytic anemias, 840 
jaundice, 840 
in hemophilia, 848 
in hypochromic anemia, 835 
in lead poisoning, 341 
in secondary anemia, 839 
in tumors, 255 
leukemia, 850 
megaloblastic anemias, 833 
nutritional anemias, 826 
pernicious anemia, 826 
pigment deposits in kidney, 652 
plasma in jiernicious anemia, 829 
platelets in formation of thrombi, 69 
rlummer-Vinson syndrome, 836 
primary hypochromic anemia, 835 
purpura, 846 
spread of carcinoma, 303 
sprue and, 833 

traiLsfusion with incompatible, 631 
volume, in shock, 90 
Bloodvessels, lesions of, rheumatic fever 
in, 155 

Boeck’s sarcoid, 806 
Boils, 1 19 
Bone, 950 

absorption of, 951 
chondroma of, 960 
eosinophilic granuloma of, 964 
epiphysitis, 959 
Ewing’s tumor of, 969 
fibroma of, 966 
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Bone, fibrous dysplasia of, 985 
graft, fate of, 955 
in congenital syphilis, 182 
in Graves* disease, 772 
involveinent of, in carcinoma of, 
thyroid gland, 777 
lesions of syphilis in, 180 
of typhoid fever in, 160 
marble, 984 

myeloma of multiple, 258, 277, 856, 

974 

osteodystrophy, 977 
(jsteoma of, 965 
osteomyelitis, 956 
Paget’s disease of, 980 
physiology of, 950 
rarefaction of, in G.*uich(a*s disease, 
799 

parathyroid gland, and, 781 
repair of, 953 
rierkets, 985 

sarcoma of, osteogenic, 969 
scurvy-rickets, 988 
syphilis of, 962 
cranial, 964 
dactylitis in, 963 
diffuse osteitis in, 963 
epiphysitis in, 963 
facial, 963 

periosteal node in, 962 
^‘sabre-blade" tibia in, 962 
spinal, 964 
tuberculosis of, 959 

cold abscess in, 961 
dact.ylitisin, 9(i0 
in vertebrai, 960 
tumors of, 964 
giant-cell, 966 
metastatic, 976 
Bone-marrow, 824 
cells of, S24 

functional hyperplasia in, 825 
in acute leukemia, 854 
in agranulocytosis, 859 
in blood diseases, 825 
in chloroma, 856 
in erythremia, 857 
in lymphatic leukemia, 854 
in myelogenous leukemia, 854 
in pernicious anemia, 830 
Ikithriocephalus latus. See Dibothrio- 
cephalus latus anemia. 

Botryoniyc(»sis, 148 
Botulism, 342 
Brain, abscess of, 887 

relation of, to abscess of lung, 
443 

aneurism of, atheromatous, 880 
congenital, 879 
intracranial, 879 
mycotic, 880 

arterial obstruction in, 875 
ast roblastoma of, 933 
ast.rot^ytoma of, 929, 931 
cerebral hemorrhage, 868 
softening, 877 

95 
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Brain, cerebral, spinal fluid, 880. See 
Cerebrospinal fluid, 
compression of, 885 
concussion of, 885 
contrecoup injury to, 869, 884 
defects of development of, 945 

amaurotic family idiocy, 
945 

anencephaly, 945 
encephalocele, 945 
hydrocephalus, 945 
meningocele, t)45 
microcephaly, 945 
microgyria, 945 
porencephaly, 945 
tuberous sclerosis, 945 
edema of, ccuebnil, 881 
traumatic;, 882 

encephalitis of, 898, 903. See En- 
cephalitis. 

ependymoma of, 933 
epilepsy, 883 
extradural abscess of, 887 
fat embolism in, 81 
ganglioiicuroma of, t)35 
glioblastoma multiforme, 929 
glioma of, 928 
hemangioma of, 938 
hcmorrliage into, 868 
infarct of, 81 
inj lilies of, 884 

traumatic epilepsy, 885 
intracranial suppuration of, SS7 
laceration of, 868, 884 
lesions of, rheumatic fever in, 155 
lipo-ineningionia of, 937 
mcdullohlnstoma of, 932 
meningeal hemorrhage, 872 
nieningioina of, 935 
meningitis, 889. Scr Meningitis, 
oligodendroglioma of, 933 
pinealoma of, 934 
retinobln stoma of, 935 
sheaths, tumors of, 935 

acoustic nerve, 937 
meningioma of, 935, 942 
sinus thrombophlebitis, 887, 888 
spongioblastoma of, 929 
tumors of, 927 

acoustic nerve, 937 
edema in, 927 
hemorrhage in, 928 
secondary, 938 

hj'drocephalus in, 927 
venous obstruction in, 879 
wet, 883 
wounds of, 884 

Branchial cleft carcinoma, 488 

developmental abnormalities of, 
247 

cyst, 247, 488 
fistula, 247, 488 
Sinus, 247 
Breast, 728 

actinomycosis of, 749 
I adenocystoma of, 738 



1026 


INDEX 


Breast, adenomatosis, fibrosing of, 736 
angioma of, 748 
bleeding from nipple, 748 
carcinoma of, 739 

adenocarcinoma, 740, 743 
comedo, 744 

comparison with lobukir hyper- 
plasia and fibroadenoma, 747 
cvstade nocarcinoma, 744 
duct, 740, 744 
intraduct, 744 
male, 748 
medullary, 742 
acute, 743 

Paget’s disease, 740, 744 
radiation and, 747 
scirrhous, 740 

lymphatic! edema of skin 
in, 740 

sweat-gland, 744 
chondroma of, 748 
chronic mastitis of, 730 
congenital aimmalics of, 750 
aniastia, 750 
athelia, 750 
pol^unastia, 750 
polythelia, 750 

cystic hyperplasia of, 733. See 
Lobular hyperplasia, 
cystoma of, papillary, 738 
cysts of, 748 

blue-domed, 733 
galactocele, 748 
hydatid, 748 
duct papilloma, 738, 748 
fat necrosis of, 740 
fibroadenoma of, 736 
intracanalicular, 736 
pericanalicular, 737 
fibroma of, 736 
gland fields of, 729 
hypertrophy of, 750 
lipoma of, 748 
lobular hyperplasia, 730 
male, carcinoma of, 748 
mastitis, acute, 748 
plasma cell, 749 
myxoma of, 748 
papilloma of duct, 736, 738 
intracystic of, 838 
pathological physiology of, 728 
sarcoma of, 748 
syphilis of, 749 
transillumination of, 748 
tiiben-ulosis of, 749 
Brenner tumor of ovary, 723 
Bright’s disease, 603 

capillary disturbance in, 58 59 
Brodie's abscess, 959 
fironchiectasis, 443 
congenital, 445 

Bronc!hitis, acute tracheo-, 421 
causes of, 421 
chronic, 422 
fibrinous, 422 
Broncholithiasis, 455 


Bronchopneumonia, 430 
Bronchus, adenoma of, 471 
Brooke’s tumor, 307 
Brown atrophy of heart, 41, 381 
induration of lung, 60, 467 
Brucella infections, 196 
Bruising, 337 
Bubonic plague, 192 
Buerger’s disease, 396, 415 
Bulbar palsy, progressive, 919 
Burns, 330 
Bursaj, 1009 

hydrops of, 1010 
Bursitis, 1009 

G 

Cachkctic edema, 89 
Cachexia strumipriva, 776 
Caisson disease, S3, 338 
Calcification, 47 

in epemlymoma, 933 
metastatic, 46, 47 

Calcium metabolism, disorders of, 46, 322 
osteitis fibrosa cystica, 46 
osteomalacia, 46 
parathyroid gland and, 781 
rickets, 46 
tetany, 47 
vitamin 1) and, 322 
Calculi, pancreatic, 501 
Calculus in prostate, 678 
of urethra, 6t)4 
oxalate, 65t) 
phosphatic, 659 
renal, 660 
.salivary, 492 
ureteral, 661 
urinary, 658 
uric acid, 659 
vesical, 661 

Canalization in thrombus, 73 
Cancer cell, arnino-acids of, 255 
colloid, 308 
etiology of, 2.'i0 
heredity in, 270, 348 
immunity to, 272 
pathologi<*al diagimsis of, 314 
prevalence of, 273 
social, 264 

spontaneous cure, 259, 272 
Cancrum oris, 482 
Capillaries, paralysis of, 90 
thrombosis in, 72 

Capillary dilatation, effect of hi.stamine, 
102 

hemangioma, 290 
permeability in inflammatitjn, 97 
in localization of infection, 138 
stasis test in purpura haanorrhagica, 
846 

Caput medusae, 557 
Carbolic acid poisofiing, 340 
Carbon monoxide poisf)ning, 342 

lenticular nucleus necrosis 
in, 342 
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Carbunirle, 120 
of kidney, 640 

Caroinogena, 261, 266, 662, 740 
Carcinoid of appendix, 534 
of intestine, 534 
Carcinoma, 302 

age in relation to, 271 
basal-(;ell, 305 

relation of, to light, 305 
blood spread in, 303 
bramdiial (4eft, 488 
(colloid, 308 
encephaloid, 310 
epidermoid, 304 
grading of, 304 
ethdogy of, 259 

carcinogenic agents, 260 
endogenous, 265 
exogenous, 261 
enzyme:’, 267 
filterable viruses, 268 
in situ, 314 

invasion of tissue spaces by, 302 
lymphatic embolism in, 303 
permeation in, 302 
medullary, 310 
methods of spread of (4), 302 
of adrenal glands, 756 
of bile ducts, 582 
of bladder, 662 
of body of uterus, 701 
of breast, 739 
of cervix uteri, 697 
of duodenum, 50i) 
of esophagus, 492 
of gall-blfulder, 582 
of hy poplin rynx, iiostcricoid, 4S6 
of inttvstiiie, 531 
of islets of T.aiigorhaiis, 592 
of larynx, 421 
of lip, 481 
of liver, 561 
of lung, 463 
of male breast, 71S 
of mouth, 483 
of neck, secondary, 489 
of ovary, 718 
of pancreas, 591 
of parathju’oid gland, 782 
of penis, 678 
(if pharynx, 486 
of pleuin, secondary, 477 
of prostate, ()75 
of rectum, 531 
of salivary glands, 191 
of scrotum, 678 
of stomach, 504 
(‘olloid, 508 

socondiU’y anemia in, 2o5 
of sweat gbuid, 744 
of thyroid gland, 775 
of tongu^ 484 
of umi^ilieus, (>02 
of vagina, 725 
of vulva, 725 
scirrhous, 309 


Carcinoma, secondaries in pleura, 477 
simplex, 309 
spread of, 302 
sciuannais-cell, 304 
transitional-cell, 308 
xanthomatodcs, 676 
Carcinomatosis of peritoneum, 599 
Cardiac cirrhosis, 566 
death, sudden, 379 
edema, 88 

infarction without coronary oculus- 
ion, 377 
kidney, 649 
Cardiospasm, 493 
Claries, dental, 322, 1012 
C5irotid body tumor, 489 
(^arotinemia, 41 

Carrel on development of the maern- 
phage, 109 
on repair, 125 
! Cartilage, repair of, 132 
' (Cartilaginous exostosc's, multiple, 984 
i C^iniiicle of unit lira, 726 
Caseation, 50 

in tuberculosis, 1 64 
iie<*rosis, 50 
softening in, 166 
(Castration, thymus gland in, 819 
! Casts in gloinonilone|)lirilis, 614 
I Catarrhal enteritis, 514 
I inflarnmatioii, 122 
jaundice, 569 
Cavernous angioma, 291 
(ells, differentiation in, 240 
( Vlliilitis, 120 
pelvic, 690 
(Vmcnfmn, 1011 

Central nervous system, re])air of, 131 
Cerebral edema, 881 
! hemorrhage, 868 

cen'lirospinal fluid in, 872 
si^ont a moolis, 869 
I tramnatic, 868 

I paralysis, spastic, 920 

softening, 877 
(•\sts in, 878 

\Vallc rian degeneration in, 878 
spinal fluid, lead poisoning in, 311 
vessels, aneurisms of, 879 

congenital, 870, 879 
obstruction in, 875, 879 
; Cerebrospinal fluid, 880 
j in cerebral hemorrhage, 872 

■ in hydrocephalus, SSO 

; Cervical enision, 689 
j (Vrvix uteri, fibroids of, 695 
gonorrhea of, 707 
I Cestodes, 224 
\ Chagas’ dismse, 221 
Chancre, 1 78 
I soft, 725 

1 C.harcnt-heyden crystals, 423 
' Cluu’cot's dWase of joints, 998 
joints in s^vringomyclia, 923 
in tabes dorsalis, 913 
trinii in disseminated sclerosis, 916 
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Cheloid, 270 

Chemical pneumonia, 434 
Chemotaxis, 102 
Chicken sarcoma, Hons’, 269 
Chilblains, 333 
Chloasma, 11 

Chloride retention in edema, 87 
Chloroform poisoning, 342 
Chloroma, 855 
Chlorosis, 835 
Cholecystitis, 573 
glandularis, 577 
Cholera, 510 
Cholesteatoma, 034 
CMiolesterol, 10 

metabolism in atheroma, 404 
Cholestendosis of gall-bladdcM*, 570 
(^hondrodysplasia, hereditary, 984 
Chondroma, 281 

of bone, 966 , 070 
of breaht, 748 
('hoiulrosarcoma, 285 
of bone, 066 
C'hordonia, 288 
C’horea, Huntington’s, 925 
S yden ham ’s, 025 

Chorionepithelioina of testicle, 672 
of uterus, 702 

Chorionieniugit is, lymph<)(!ytic, 896 
Christian’s disease, reticulo-endothelial 
system in, 818 
syndrome, 800 , 818 

ChroinairirKjma of adrenal medulla, 758, 

760 

Chromatolysis, 40 

of Nissl granules, 864 
Chroma tophores, 30 

('hmrnophil cells, in pituitary gland, 784 
Chromophobe adenoma of pituitary 
gland, 780 
( 'hylothorax, 476 
Cliylous ascites, 87, 236 
Chyluria, 236 

Circulatory disturbances, 57 
Cirrhosis, eardiac, 566 

of liv'er, 522 , 7fl6. See Liver, cir- 
rhcjsis f)f. 
biliary, 556 
Hanot’s, 557 
portal, causes of, 552 
Cirsoid aneurism, 112 
(’left palate, 247 
Cloaca, persistent, 247 
(.'loudy swelling, 16 

of heart, 370 
of kidney, 650 
Coagulation necn>sis, 50 
CVjarctation of aorta, 384 
Ckx'cidioidomycosis, 187 
(’<eliar disease, 328, 641 
rickets, 088 

( olcliicine, effect on mitosis, 251 
Cold abscess, 805, 961 

hypijrsensitiveness to, 333 
Colie, biliary, 580 
Colitis polyposa, 519 


Colitis, ulcerative, chronic, 518 
idiopathic, 518 

Collagen fibers in scar tissue, 128 
Collapse of lung, 460 
Colloid cancer, 308 

carcinoma of stomach, 508 
degeneration, 30 
goiter, 7()3 

C’omedo carcinoma of breast, 744 
Ck)mpensatt)ry hypertrophy, 245 
(kmipound palmar ganglion, 1000 
Compression atelcctosis, 460 
of brain, 885 
I ( -onenssion of brain, 885 
I Condyloma acuminata, 725 
Congenital anemia, 845 

aneurisni of cerebral vessels, 870, 879 
anomalies of breast, 750 

of female genital tract, 726 
of intestine, 543 
f)f kidney, 653 
of liver, 566 

of lower urinary tract, 664 
of inal(* genital tract, 670 
of pancreas, 503 
of thyroid gland, 780 
arteriovenous fistula, 412 
atelectasis, 450 
bronchiectasis, 445 
cystic kidney, 643 
lung, 445 
d(‘fcct, 345 
dermoids, 314 
<lilatation of ureter, 664 
edema, 88 
heart disease, 381 
heinolyti*' disease, 843 
liydrocephalns, 880 
hydrops, 845 
jaundice, 568 
pulmonary stenosis, 383 
pyloric stenosis, 51 i 
spastic diplegia, 010 
stenosis of intestine, 543 
syphilis, 181 

of liver, 550 
of lung, 455 
teratomata, 248 
torticollis, 1007 
Congestion, hypostatic, 61 

of liver, chronic, venous, 565 
of lung, acute, 456 
hypostatic, 457 
[Missive, 457 
of spleen, 708 

(Vingo red test for amyloid degeneration, 

30, 34 

Connective-tissue metjipUsia, 243 
repair of, 132 
tumors of, 278 
Constitution in disease, 340 
Contrecoup injury to brain, 868, 884 
Cooley’s anemia, 842 

Cooper poisoning, relation of, to hemo- 
chromatosis, 43 
Cor pulmonale, 370 
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C’oronary artery occlusion, 373 
throrY]br)sis, 374 
Corpora aniylacea, 35 36, 868 
(’orpiis striatum, diseases of, 023 
(V)rrosive acids, 330 

sublimate poisoning, 340, 633 
kidney in, 651 
renal lesions in, 340 
Councilman lesion of liver, 204 
C'ourvoisier’s law, 581 
C'raiiiopagus, 247 
Craniopharyngiomas, 701 
Craiiioschisis, 246 
Cretinism, 773 
(-rush nephritis, 631 
syndrome, 631 
(’iiltiire of tissue, 240 
Curling’s ulcer, 400 
Cushings syndrome, 758, 790 
(Cutaneous blastomycosis, 186 
( ’yclops, 247 

("yst, adenocarcinoma of breasi, 743 
branchial, 247, 488 
tj ‘iitigerous, 312 
dermoid, of bladder, r»63 
of mouth, 486 
of (»vary, 723 

formation in astrocytoma, 031 
in cerebral softening, 877 
hydatid, 227 
lutein, 714 
mesenteric, tiOO 
of breast, 748 

galactocele, 748 
hydatid, 748 
of j<)ints, 1002 
of kidnev', 6 43 
of neck (3), 487 
of ovary, 713 
of pancreas, 500 
of parathyroid gland, 783 
of s])leen, 801 
parovarian, 725 
salivary, 402 
thvroglossal, 487 
tu’bal, 712 

Cystadenoma of breast, papillary, J3S 
of ovary, ])seudomucinous, 715 
serous, 716 

Cystic fibrosis of pancreas, 5tK) 
hygi oma, 488 

iiyperi)lasia of breast, 730, 748 
liver, 566 

lung, congenital, 445 
lymphangioma of neck, 488 
( ’ysticercus, cellulosfe, 225 
( Vstitis, (>57 

interstitial, 657 
( ' , sts enterogeiu)ns, 537 

of Kntanueba histolytica, 216 
of semilunar cartilage, 1002 

D 

nAC’TYLiTis, syphilitic, 063 
tuberculous, OtiO 


Death, sudden, 821 
Deelman phenomenon, 265 
Deficiency anemia, pyridoxine, 837 

disease and myocardial failun;, 381 
folic acid, 834 
Degeneration, 16 
albuminous, 16 

amyloid, 28. ^Vy also Amyloid de- 
generation, 
of spleen, 705 
colloid, 36 

fatty, 17. Sea also Katty degenera- 
tion. 

fibrinf)id, in rheumatic fevea*, 153 
hcpato-lenticular, 025 
hyaline, 34 
hydropic, 17 

in muscle, Zenker’s, 1005 
lipoidal, 24 
mucoid, 36 
Nissl’s, 8t)3 

progressive lenticular, 025 
I Wallerian, 24, 862 

i Zenker’s, 36, 1005 

' Degenerative processc's, Hi 
: Delhi boil, 222 
I Dementia paralytica, 013 
j Dental caries, 1012 
granulonui, 1015 
Deiitigcrons cyst, 312 
Dentine, 101 1 
Dermatofibroma, 280 
Derinatomyositis, 1006 
Dermoid cyst of bladd(*r, 663 
of brain, 034 
of mouth, 486 
of ovary, 723 
inclusion, 246, 314 
tumor of muscle, 1008 

of pituitary gland, 702 
Dermoids congenital, 314 
i implantation, 314 

I Desmoid tumors of abdominal wall, tiOl 
j Diabetes, alloxan, 588 
I bronzed, 43 , 503 

I insipidus, pituitary gland and, 78() 

I mellitus, 587 

Diabetic gangrene 53 
Diazo reaction in typhoid lever, 161 
Dibothriocephalus latus anemia, 226, 834 
Dicephalus, 247 

Dicumarol, 70 ... 

Diffuse hyperplastic sclerosis ol arteries, 

40‘7 

suppurative nephritis, 636 
Dilatation of heart, 360 
of stomach, 511 
of ureter, congenital, 664 
Diphtheria, 482 
I Diphtheritic enteritis, 514 
inflammation, 122 
laryngitis, 420 

Diphyllobothrium latum, 226 
Diplegia, congenital spastic, 919 
Disease, causes of, 1 5 
constitution in, 349 
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Disease, familial, 345 
hereditaiy, 345 
inlieritanoe of, 344 
sex influence in, 350 
Dissecting aneurism, 412 
Disseminated lupus erythematosus, 390 
myelitis, 909 
sclerosis, 910 

Distomum hepati(‘um, 223 
in liver, 504 
pulmonis, 223 

Diverticula of duodenum, 512 
of esophagus, 493 
of intestine, 535 
Diverticulitis, 530 
Diverticulum, Meckel’s, 537, 601 
of bladder, 004 
of es<3phagus, 493 

Dock on structun* of coroiiarv arteries, 

373 

Dominant inheritance, simple, 345 
Donovan bodies, 1S3 
Dopa reaction, 39 
Dorothy Reed c(*lls, SIO 
Double ureter, 004 
Dracunculus inedinensis, 236 
Dry gangrene, 52 

Dubos’ method of cultivating the 
tubercle bacillus, 102 
Duct carcinoma of breast, 740, 744 
papilloma of breast, 735, 738, 74S 
Ductless glands, 751 
Ductus arteriosus, patent, 3S4 
Duodenal divej-ticula, 512 
ileus, chronh*, 51 1 
ulcer, 497, flCk). See (iastric ulcer. 
Duodenitis, 51 1 
Duodenum, (‘arcinoina of, 509 
sarcoma (jf, 510 
Dupuytren’s contraction, 1007 
Dural endothelioma, 935. See Meningi- 
oma. 

Duran-Reynals phenomenon, 138, 147 
Dust reticulation, 139 
Dysentery, aiua.4jic, 215, 516 
bacillary, 514 

Dysgcrininoma of ovary, 722 
Dys[)hagia with ancFuia, 193 
Dy.spit uitarisnj, 7S9 
Dystopia of kidney, 653 
Dystrophy, muscular, 925 
lesion.s of, 927 


E 

Dbuknatiov, 1197 
I^cchyrnosis, 63 
RchirjFjcoccus alveolaris, 22S 
cysts in liver, 563 
in sj)leen, SOI 
I'iclampsia, 551 

hepatic loicjiis of, 551 
renal lesions, 619 
Ketopia cordis, 246 
vesica*, 247, 665 


Mema, 84 

angioneurotic, 89 
cachectic, 89 
cardiac;, 88 
cerebral, 881 
conf^enital, 89 
famine, 89 
hereditary, 89 
in glomerulonephritis, 614 
in tumors of brain, 927 
inflammatory, 88 
neuropathic,, 89 
of brain, traumatic;, 882 
of glottis, 120 
of lung, 457 
pulmonary, 88 
renal, 88 

dastic tissue, re])air of, 132 
llectricity, burns due to, 334 
dephantiasis, 87,235 236 
iioii-parasit ic;, 87 
■Irnboli, sources, 75 
dnbolic glomerulonephritis, 634 
dn holism, 74 
air, 83 
bacterial, 83 
cerebral, 81, 876 
fat, 82 

lymphatic, 83 

of carcinoma, 303 
mesenteric, 512 
paradoxical, 81 
pulmonary, 78, 158 
retrograde, 81 
tumor, 83 
Ombryoma, 617 
of testicle, 670 

•dnbryonal admiocarcinoma, 672 
dnmenin, 683 
dnphy.seina, 461 
atrophic, 463 
interstitial, 163 
diip^'ciiia, 473 
•duiiriel, 1011 

hyp«)plasia of 1020 
mottled, 1019 
diaiiicloi)lastoma, 31 1 
’dicephalitis, 903, 906 

acute disseminated encephalomyel- 
itis, 905 
epidemi(;, 903 

Parkinsonism, 903 
pituitary gland in 786 
lead, 907 

periaxialis diffusa, 918 
suppurative, 903 
type A, 903 
type H, 904 
'‘dicephalocele, 945 
I’dicephalojiathy hypertensive, 870 
l*mc<*phaloid carcinoma, 310 
Kncephalomyclitis, acute dissernimiteil, 
905 

e(|uine, 905 
billowing fevers, 906 
poHtva(;cinal, 906 
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Encephelorayelitis, spontiineous, 906 
10n(!h®ndroma of bone, 966 
EntlaincL*ba hwtolytica, 215 
tJndarteiitis, aeiite, 391 
obliterans, 399 

Endocarditis, acaite bacterial, 364 
atypical verrucous, 364 
degenerative verrucal, 365 
rheumatic, 354 
subacute bacterial, 358 

embolic, lesions of, 62 
mycotic aneurisms in, 362 
relation of, to rheumatic* 
endocarditis, 363 
syphilitic, 365 
terminal, 364 
tuberculous, 365 
lOndocervicitis, 68!) 

I'hulometrial cliangcs in menstruation, 
683 

cysts of ovary, 71 4 
hyp6*r[)lasia, 685 
sarc'oma, 702 
tjndomctrioma, 693, 697 
interstitial, 697 
of umbilicus, (>02 
Endometriosis, 691 
Endometritis, 687 
acute, ()88 
(rhronic, 688 
putuperal, 688 
syncytial, 704 
I^hidothelial metaplasia, 243 
myeloma, 971 
Endotiiclioma, 2!12 
dural, t)35 
of pleura, 477 
lOntaiiKi'ba histolytica, 215 
iMiteritis, 514 

catarrhal, 514 
diphtheritic, 514 
membraiHjus, 514 
uremic, 519 

I'hit erogenous cysts, 537 
Eosiuophilia in* ankvlostome duodenale, 
230 

leucocytes in inflammation, 106 
Eosiiiopliilic granuloma of bone, 964 
l''pendymonia, 933 
Epidemic encephalitis, !)03 
J'lpidermoid carcinoma, 304 
of pharynx, 486 
hipididymitis, gonorrheal, 668 
iion-gonor]‘heal, 668 
lOpignathus, 248, 312 
lOpilepsy, 883 

idiopathic*, 883 
traumatic, 885 

Epipliysitis in cHuigenital syphilis, 182 
non-suppurative, !)59 
Epispadias, 247, t>65, 680 
lOpithedial invasion benign, 314 
metaplasia, 242 
lOpithelionia, 304 

adenoid cystic, 307 
I'lpituberculosis, 448 


Epulis, 968 

Equine encephalomyelitis, 905 
h>yaipelas, 149 
lOrythremia, 857 
Erythroblastic anemia, 842 
Erythroblastosis fetalis, 843, 845 
lOrythrocytosis, 857 
Erythromclalgia, 415 
Esophageal diverticulum, 493 
varices, 494 

h'^sophagus, achalasia of, 493 
c;arc;inoma of, 492 
digestion of, 494 
diverticula of, 493 
fibroma of, 4!)4 
leukoplakia of, 494 
rupture of, 4!)4 
sarcoma of, 494 
stricture of, 493 
syphilis of, 494 
tuberculosis of, 494 
tumors of, 491 
Essential lujmaturia, 650 
hypcirtension, 620 
Ethyl alcohol poisoning, 342 
luistroiigylus gigas infection of renal pel- 
vis, 658 

Ewing’s tumor of bone, 972 
I Exophthalmic goiter, 769 
I h'xtradural absc*ess, 887 

meningeal hemorrhage, 872 
Extroversion of bladder, 665 
hXmdative diathesis, 847 

sim})lc‘ idiopathic lairpura, 847 
Eye diseases, in heredity, 317 
in congenital syphilis, 182 


F 

Fal.i.oi’jan tube's, menstrual changes in, 
707 

tumors of, 712 
False aneurism, 41 1 
Familial disease, 3 15 
Famine edema. S') 

Farcy buds, 189 
Fat embolism 82 
necrosis, 51 

in acute, hemorrhagic pancre- 
atitis, 58() 
of breast, 749 

traumatic*, 749 
traumatic, 51 
Fats, staining methods, 1 9 
Fatty dcgeiieralion, 1 7 

of heart, 23, 379 
of kidney, 23, 651 
of liver, 21, 664 
infiltration, causes of, 20 
of heart, 379 
, Fetal adenoma, 767 

lobulation of kidney, 653 
Fetus, acardiac, 247 

parasitic, 247 , , . ^ 

Fever, encephalomyelitis following, 90 
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Fever in malignancy, 255 
scarlet, 150 
staphylococcal, 148 
streptococcal, 149 

Fibrin fonnalioii in inflainniation, 113 
Fibrinoid degeneration, in rheumatic 
fever, 153 

I'ibrinolytic power of hemolytic strepto- 
coccus, 148 

I'ibrinous bronchi (is, 422 
inflammation, 121 
Fibroadenoma of breast, 73fl 
intracanaliciilar, 73(5 
pericanalicular, 737 
I'lbroblasts, methotl of growth of, 127 
I'^ibroids ol cervix, (»95 
of uterus, (593 
Fibroma, 27S 

of abdominal wall, 278, 601 
of bone, 915(5 
of breast, 73(5 
of esoplnigus, 494 
of intestine, 535 
of kidney, (549 
of larynx, 421 
of mucous nuanbraues, 278 
of nerves, 279 
of ovary, 724 
ol skin, 278 
of viscera, 278 
perineuria 1, 942 
Fibromyoma of uterus, (593 
Fibrosarcoma, 284 
periosteal, 9(5(5 
Fibrosis, 123 

myocardial, 371 
of appexdix, 529 
Fibrcisiti^, 1908 
Fibr<*us dyphisia of bone, 985 
l'’ihiria, 234 
Filariasis, 234 
Fistula, 118 

branchial, 247, 488 
congenital artei iovcsuius, 412 
Fleas, 238 

Floa-bitteii kidney in embolic glomeruhj- 
nephritis, (534 
Flies, 238 
Flukes, 223 
Foamy liver, 56, 5(55 
Fo(;al gloineruliti.^, (529 

glomeruh)iiepliritis, (535 
infectiou, 138, 1017 
of teeth, 1017 
n(‘phritis, (535 

suppurative, (538 
J-’olic acid defi< iency anemia, 831 
Follicular cysts of ovary, 714 
lymphoblastoma, 815 
tonsillitis, 482 
Foramen <ivalci, patent, 3'^5 
Friw'ture, be-jling of, 955 
Fragilitas o.-vsiuin, 983 
Fragility of rod cf'lls, 841 
Fragmentation rif heart, 381 
Freezing, death fnarj, 333 


Frei and Hoffman, intradermal test in 
lymphogranuloma venejeum, 183 
Friedreich’s ataxia, 921 
Froiii syndrome, 939 
Frohlich’s syndrome, 788, 792 
Frostbite, 53, 74, 333 
Fusiform aneurism, 411 


G 

Galaptocel.® cysts of breast, 748 
Gall stones, 578 
Gall-bladder, 572 

benign i*pithelial invasion of 314 
carcinoma of, 582 
cholesterolosis of, 576 
enipvema of, 574 
hydrops of, 574, 582 
lipoid. 57(5 
mucocele of, 582 
stasis, 577 
straw berry, 57(5 
typhoid haialli in, 159 
Ganglion, 1009 

compound palmar, 1009 
Ganglioneuroma, 299, 935 

of adrenal medulla, 758, 760 
Gangrene, 52, 120 
diabetic, 53 
dry, 52, 590 
gas, 54 
moist, 53 
of lung, -1 10, 442 
senile, 53 

Gangrenous appeiidieitis, 528 
Gas gangrene, 54, 190 
mesenteric i;ysts, 600 
Gastric polyposis, diffuse, 510 
ulcer, 4!l7 

acute, 500 
chronic, 500 

cicatricial contraction in, 503 
liealing of, 502 
hemorrhage in, 503 
malignant change in 503 
perforations in, 503 
Gastritis, 49(5 
acute, 49(5 
and carcinoma, 508 
atrophii!, 197 
chronii;, 496 
hypmtrophic, 496 
membranous, 49(5 
plih'gmonous, 49(5 
polyposa, 497 
Gaucher’s cells, 799 

disease, 795, 799, 800, 818 
bone changes in, 988 
Gee’s disease, 541 

Genital tract, female, congenital anom- 
alies of, 726 
gonorrhea of, 707 
male, congenital anomalies (•!, 
(579 

tuberculosis of, 669 
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Ohon lesion, 168, 446 
Giant-eell, foreign body. 111 
pneumonia, 436 
sarcoma, 2S4, 287 
tumor of joints, 1002 
of vertebra, 968 
tumors of bone, 966 
Giant cells, 101, 109 

in traumatic fat necrosis, 749 
pliagocytic tumor, 283 
follicle lymphoma, 815 
Gigantism, 786 
Gitterzelleii, 868 
Glanders, 189 

farcy buds, 189 
of nose, 419 

Glands, sv\eat, tumors of, 307 
Glandular fever, 816 
tularemia, 194 

Glioblastoma inultil'orme, 929 
CflioJiui, 298, 928 

astroblastoma, 933 
astrocvloma, 929, 931 
ependymoma, 933 
glioblastoma inuHiforiiie, 929 
modulloblastcima, 932 
olig< )dend r( )gli< )ma , 933 
jiiiiealoma, 934 
retinoblastoma, 935 
spoFigioblastoma, 929 
Globus pallidus, siderosis of, 43 
Glomanghjma, 292 
Glomerulitis, focal, 626 
( llomerulonepluitis, 604 
embolic, 362, 634 
focal, 362, 635 
Gh)nieruloiiepl>r<.>sis, 619 
(ilomerulosclerosis, inl(irca|)illarv, 589 
630 

Glomus tumor, 292 
(.llossitis, 483 

syphilitic, 181 

Glottis, edema «)!', 420 
Glycogen accumulation disease, 27 
infiltration, 2<i 
Glycolysis in tumors, 255 
Goiter, 7()3 

adenomatous, 76t» 
colloid, 763 

iu)dul:ir, 760 
exoidithalmic, 7t)9 
lyinphadenthd, 779 
nodular, 766 
retrosternal, 773 
simple, 7t)4 

Gonococcal peritonitis, 597^ 

Cumorrhea of cervix uteri, 

Gonorrheal arthritis, 1001 
epididymitis, 668 
salpingitis, 70S 
tenosynovitis, 1009 
urethritis, t >64 
vulvo-vaginitis, 708 
Gout , 36 

Granulation tissue, 1 19, 129 
tuberculous, 166 


Granuloma, dental, 1015 
infectious, 122, 161 
inguinale, I S3 

of lymph nodes, chronic, 804 
Graniilosa-c('ll tumor of ovary, 720 
Graves’ disease, 769 

thymus in, 769, 819 
Grawitz’s tumor, 645 
Growth, 210 
I Guarniej-i bodies, 201 
Guinea- worm, 23f) 

I Gumma, 180 

of nervous system, 910 


H 

II ALIS'J'ERESI S , 95 1 
Hamartoma ot kidney, 649 
Hanot’s cirrhosis, 557 
Harelip, 247 

Hashimofo’s disease of fliyroid, 779 
struma, 779 

Ha 3 'em-\Vidal type of luMUolytic anemia, 
840 

Healing, 132 
Heart, 353 

aneurism ot, 375 
l)ro\\n atrophy of, 41, 381 
cloudy swelling of, 379 
dilatation of, 369 
disease', c»>ng(‘nital, 381 
hypertensive, 372 
lailuie c(‘lls, 457 
chronic, 3t)9 

fatty d(‘gen(*ral ion ol, 23, 379 
intilt ration of, 379 
fragmentation of, 381 
lij’pertrophy of, 3<)9 
in Graves' iliseasi', 772 
iiifaret ot, 78 
rheumatic disease of, 354 
syphilis of, 372 
thrush-bri*ast, 23 
tumors of, 381 
Heart-block, 371 
Heat apoplexy, 332 
(‘xliaustioii, 332 
stroke, 332 

Ilehertlen’s noiles, 995 
Helniint hs, 223 
Hemangio-endothelionia, 290 
lleinaiigioma, 290 
capillary, 290 
cavernous, 2!11 
of brain. 938 
sclerosing, 291 
Hematocele, 678 
Hematogenous pigmentation, 41 
Hemal oidin, 41, 42 
Ileniatonm, 63 
of ovary, 714 

llematomyelia, 8S6 

llematopeirphyria congenita, 334 
I lematoporphyrin, 334 
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Hematosalpinx, 711 
Hematuria, 650 
essential, 650 
Hemeralopia, 321 
Hemochromatosis, 43, 557 
pancreas in, 593 
Hemoglobinuria, march, S-13 

nocturnal Marchiafava-Michcli tv 
of, 843 

paroxysmal, 842 
Hemolytic anemias, 839 
disease, congenital, 843 
jaundice, 568, 800, 839 
streptococcus, hbrinolvtic power < 
148 

Ilemoj^ericardiuni, 387 
Hemophilia, 848 
Hemophilic joint, 999 
Hemorrhage, 63 
arrest of, t)4 
cerebral, 868 
contercouii, 8(19 
intracranial of ne^^ born, 874 
meningeal, 872 
secondary, 65 
uterine, 685 

Hemorrhagic pancreatitis, acaite, 585 
pleurisy, 476 
septicemia, 193 
Hemorrhoids, 542 
Hemosiderin, 42 
Hemosiderosis, <*auses of, 42 
llemothroax, 476 
Henoch's purpura, 848 
Hepar lobatum, 560 
Heparin, 68, 79 
Hepatitis, acute, 548 
deficieiKW, 517 
infective, 570 
toxic, 546 

Hepato-lenticular flegencration, 925 
Hepato-renal syndrome, 631 
Hereditary chondrodysplasia, 984 
disease, ‘345 

Heredity in disease, 344 
Hermaphroditism, 680 
Hernia, 537 
Herpes, 205, 907 

simplex, 205, 908 
zoster, 205, 908 
Heterotopia, 246 

of pancreas, 593 
Hirschsprung’s disease, 541 
Hirsuties in can*inoma of adrenal cortex, 
758 

Hirsutism, 790 

Histamine, in capillarv dilatation, 102 
in shr)ck, 90 
Histiocytes, 817 

Histiocytic medullary reticulosis, 811 
Histoplasmosis, 222 
Hodgkin’s disease, 293, 801, 806, 807 
of stomach, 510 

reticulo-emlothelial system in, 

819 

IIorse-shf>e kidney, 653 


I Hour-glass stomach, 500 
“Housemaid’s knee,” 1009 
Hunner stricture, 654 
. Hu liner's ulcer, 657 
Huntington’s chorea, 926 
! Hurthle-cell tumor of thyroid, 778 
! Hutchinson teeth, 182, 1020 
. Hyaline, cellular, 35 
i connective tissue, 35 

I degeneration, 34, 408 

Hydatid cyst, 227 

of breast, 748 
of Morgagni, 725 
disease, 226 
! of liver, 563 

mesenteric cysts, 600 
Hydatidiform mole, 704 
Hydro(‘ele, 678 

! encysted, of spermatic j-ord, (>78 

Hydrocephalus, 880, 945 
communicating, 880 
congenital, 881 
internal, 880 

secondary, in tumors of brain, 927 
Hydrocyanic acid poisoning, 341 
Hydromyelia, 923 
Hydronephrosis, 655 
Hydropericarilium, 388 
Hydropliobia, 907 
Hydropic degeneration, 17 
Hydrops, congenitcl, S45 
ol bursa', 1009 
ol gall-l)ladder, 574, 582 
Hydrosalpinx, 709 
Hydrothorax, 475 
Hygroma, <*vstic, 488 
Hyperchok'steroleinia, 2() 
Hvpercbol(‘sterolernic splenomegalv, 795, 
600, 801 
Hy pel emia, 57 
Hyperneiiliroma, 645 
Hyperostosis frontalis interna, 985 
H y I M-rjKi rati ly n lidisi 1 1 , 781 
Hyperpituitarism, 786 
Hyperjdasia, 245 

endometrial, 685 
lobular, of breast, 730, 748 
Hyperplastic diseases of blood, 849 
sclerosis of arteries, 407 
tuberculosis of Lymph nodes, 805 
Ilypcrseiisitiveness to cold, 333 
to light, 334 

Hypertension, arterial, 408 

in glomerulonejihritis, 617, 620 
benign, 622 
essential, 620 
in chronuiHinoma, 760 
malignant, 624 
relation of kidney (o, 629 
Hypertensive heart disease, 372 
Hypertniphic biliar v cirrhosis of liv< r, 
557 

gastritis, 496 

pulmonary osteo-artliropatliy, 985 
tuberculosis of intestine, 522 
Hypertrophy, 244 
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Hypertrophy of heart, 368, 369 
of kidney, 653 
of prostate, 673 
of thyroid, 763 
physiological, 244 
Hypervitaminosis, 322 
Hypochromic anemia, 834 
Hypoparathyroidism , 78 1 
Hypopharynx, postcricoid carcinoma of 
486 

Hypopituitarism , 787 
Hypoplasia, 1020 
Hypospadias, 680 
Hypostatic; congestion, 61 
of lung, 457 


I 

Icterus, neonatorum, 44, 571 
malignant, 845 
Idiopathic epilepsy, SS3 
hypochromia, 835 
purpura, 847 
steatorrhea, 541 
ulcerative colitis, 518 
Ileitis, r(;giunal, 523 
terminal, 523 
Illeus, 538 

meconium, 541 

Immunity in tuberculosis, 167 
virus, 200 

Imperlorate anus, 247, 643 
Implantation dermoids, 314 
Inclusion dermoids, 246, 314 
Inclusions, intracellular, in virus dis- 
c*ases, 190 

I iifantile paralysis, 898 
scurvy, 326, 988 
Infarct of bowel, 81, 542 
of brain, 81 
of heart, 78 
of intestine, 542 
of kidney, 77, 649 , 652 
of liver, 81, 566 
of lung, 78, 458 
of placenta, 707 
of retina, 81 
of spleen, 77, 798 
varieties of, 76 
Infarction, 76 

cardiac, without coronarj' occlusion 

377 

Infarcts, bilirubin, 4 1 
Infection, 135 

aueiiiia of, 837 
focal, 138 

relation of trauma to, 337 
resistance to, 142 
in heredity, 348 

Infectious granulomas, 122, 161 
hepatitis, 570 
jaundice, 570 
mononucleosis, 816 
Inflammation, 93 

allergic, 122, 146 


103;*) 

Inflammation, cardinal signs of, 94 
catarrhal, 122 
chronic, 122 
fibrin formation in, 113 
fibrinous, 121 
giant cells in, 109 
membranous, 122 
phagocytosis in, 99 , 104 
j purulent, 122 

serous, 121 

Inflammatory edema, 88 
1 exudate, 105 

; Influenza, 207, 431 
Influenzal pneumonia, 431 
' Inheritance of disease, 344 
' Insulin lipodystrophy, 26 
i Intel-capillary glomerulosclerosis, 589, 
630 

Interstitial emphysema, 163 
nephritis, acute, 636 
neuritis, 941 

pneumonia, chronic, 437 
pulmonary fibrosis, acute, 440 
interstitial-cell tumor of testis, 672 
Interventicular septum yiatcnt, 385 
Intervertebral discs, lesions of, 1002 
! Intestinal diverticula, 535 
lipodystri.)j)hy, 542 
I obstruction, 538 

j acute, 538 

' chronic, 540 

' Intestine, achalasia of, 541 
actinomycosis of, 524 
I carcinoid tumor of, 534 

carcinoiiui of, 531 
congenital anomalies of, 543 
stenosis of, 543 
fibroma of, 535 
infarction of, 542 
lesions of typhoid fever in, 157 
lipoma of, 535 
lymphosarcoma of, 535 
myoma of, 535 
papilloma of, 532 
I polyposis of, 533 

; sarcoma of, 555 

I syphilis of, 524 

tuberculosis of, 520 
hypertropliic, 522 
ulcerative, 520 

i Iiitra canalicular fibroadenoma of breast, 
736 

Intracranial aneurisms, 879 
hemorrhage, 868 
i suppuration, 887 

I tumt)rs, 927 

Intra cystic papilloma of breast, 738 
Iiitraduct careinoina of breast, 744 
Intramedullary tumors of spinal cord, 
939 

Intussusception, 537 
Iron deficiency anemias, 834 
Ischemia, 63 
I Ischiopagus, 248 

I Islets of Jjangerhans, adcn<Mna of, 592 
, carcinoma of, 592 
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J 

Jaundice, 44, 667 
catarrhal, 569 
congenital, 568 
hemolytic, 568, 795, SOO, 839 
hepatic, 569 
infectious, 570 
obstructive, 568 
toxic, 569 

Jejunal ulcer, secondary, 504 

Joints, 991 

cysts of, 1002 
hemophilic, 999 
louse bodies in, 1001 
melon-seed bodies in tuberculous, 
999 

osteoarthritis of, 995 
syphilis, 1000 
tuberculosis of, 999 
tumors of, 1002 

Juxtaglomerular apparatus, 603, 616 


K 

K VLA-AZAlt, 221 
Karyolysis, 49 
Karyorrhexis, 49 
Keloid, 279 
Kernicterus, 845 
Kidney, 603 

adenoma of, 649 
adcnosarcoina of, 648 
ageiH'sis of, 653 

amyloid degeneration of, 31, 651 
apla-^ia of, ti53 
arteriosclerotic, 620 
atrophy, 653 
bilirubin infarct of, 652 
carbuncle of, 640 
cardiac, ti49 

chronic venous congestion of, 649 
cloudy swelling of, 650 
congenital aiuirnalies of, 653 
cystic, 643 

cyanotic; induration of, 619 
cysts of, 643 

degeneration of, amyloid, 31, 651 
fatty, 23, 651 
tubular, 650 
dystopia of, 653 
fatty dcgcticralion of, 23, 651 
fetal lobulation of, 653 
fibroma of, 649 
flea-bitten, in embolic glonienilo- 
nephritis, 634 
glomerulonephritis, 604 
embolic;, fi34 

glcjmerulosclercjsis, interc-apillary. 
589, 630 

glycogen deposits in diabetes inelli- 
tuH in, 589, 652 
hamartoma of, 649 
horse-shoe, 653 
hypertrc>phy of, 653 


Kidney in bacterial endocarditis, 634 
in corrosive sublimate poisoning, 651 
infarct of, 77, 649 
movable, <i5t 
of pregnancy, 619 
poly(;ystic, 643 
pyemic, 636 

relation to hypertension, 629 
senile arteriosclerotic, (>27 
stasis, 649 
stone in, 660 

svmmetrical necrosis of renal c;ortex, 
619 

svpliilis of, 636 
tuberculosis of, 640 
tumors of, 645 
uric acid infarct of, 652 
Kienboc'k’s disease, 959 
Kohler’s disease, 959 
Kraurosis valva*, 72(i 
Krukenberg tumor, 719 
Kiiss lesion, 16S 
Kyphosis, 1003 

L 

Laxduy’s paralysis, 909 
I Langiians’ giant cell, 1 10, 1 11 
tumor of thyroid, 778 
Laryngitis, 119 
I-.arynx, carcinoma of, 121 
fibroma ol, 421 
lupus of, 420 
I papilloma of, 421 
sarc'oina of, 421 
tul)crculosis c>f, 420 
tumors of, 421 

Laurence-Hiedl syndrome, 788 
Lead encephalitis, 907 
poisoning, 45, 341 
l.eather-bottlc* stomac'h, 507 
Lederer type cif hemolytic anemia, SIO 
Legg- Pert lies’ disease, 959 
Leiomyoma, 288 
, Leiomyosarcoma, 288 
, Leishman-Donovan l)odic*.s, 222 
I.eishmaniasis, 221 
Tientic-ular degenera ticin, 
progressive, 925 
' Leontiasis ossiiim, 981 
' Lepra c-ells, 172 
lAjprtisy, 172 
I c»f fKjse, 419 
Letterer-Sieve disease, 9f)4 
Keucoc*ytc;s, 825 

emigration cif, in inflammation, 96, 
102 

(Mjsinopliil, in inflammelion, 106 
in pernicious anemia, 829 
resistance; to infecdicjn and, 142 
Leucoc;ytosis in tumors, 255 
Leucoderma, 41 
lieiikanemia, 850 
Leukemia, 293, 795, SOI, 815, 849 
acute, 835, 855 
aleukemic; fcjrm of, 849 
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Leukemia, Jicnce-J ones’ protein in, 856, 

857 

cliloroma, 855 
lyrnphatie, 851 

inono(;ytie, i)lood picture in, 852 
myelogenous, 850 
nature of, 816, 849, 856 
plasma cell, 850 
Lcukor)lakia of bladder, 658 
of esophagus, 494 
of renal pelvis, 658 
of tongue, 484 
of vulva, 726 
l^eukosari*(jma, 855 
Light, hypersensitive ness t(j, 334 

relation of basal-cell carcJnoma to, 
305 306 

aghtning, death due to, 335 
iindau’s disease, 938 
a lies of Zahn, 67 
a nit is plasticji, 507 
ap, angioma of, 482 
eareinoma of, 481 
lymphangioma (jf, 482 
sy])hilis of, 482 
lapemia, 26 

in dialietes mellitus, 589 
Lipochromes, 41 
Lipodystrophy, insulin, 26 
intestinal, 542 
progrc'ssive, 26 
lajxiid gall-bladder, 576 
TU'phrosis, 618 
pneumonia, 134 
storage, 25 

in diabetes m(41itus, 589 
in spleen, 800 
lajioidal degeneration, 24 
Li|K)ma, 280 

of abdominal wall, 601 
ol bi’east, 748 
of intc'stine, 535 
I'etropc'iitoneal, 600 
T/ipomatosis, 21 

of pancreas, 593 
aposarcoina, 287 

apotropic factors in relation to liver 
disease, 22 

apsi4uitz bodies in herpes, 205, 908 
athopedion, IS, 712 
attle’s disease, 919 
aver, 545 

abscess oi, 558 
aimrbic, 558 
actinomycosis of, 560 
adenoma of, 563 
amyloitl degeneration of, 31, 664 
angioma ol, 5f»2 
atrophy of, 565 

acute yellow, 549 . - , , 

bilhar/ia hematobia infection of, 564 
car<*inonui ol, primary, 561 
secondary, 563 
cirrhosis of, 562, 796 
biliary, 556 
classification of, 552 


Liver, Cirrhosis of, Hanot, 557 
portal, 552 

relation of alcohol to, 552 
toxic, 552 

yellow atrophy, 552 
congenital anomalies of, 566 
congestion of, chronic venons, 565 
cystic. 566 
death, 583 

degeneration of, amyloid, 31, 664 
fatty, 21,564 

disease, lipotropic^ factors in relation 
to, 22 

distoma hepaticuin infection of, ,564 
fatty infiltration of, 564 
fc'amy, 56, 565 
lumiangioina, cjivernons, 563 
hydatid disease of, 5()3 
in congenital syphilis, 182 
infarcts of, 81, 666 
traumatic, 566 

lesions of typhoid fever in, 159 
necrosis of, 546 
subacute, 551 
nutmeg, (il , 566 
parasite's of, 563 
pellagra U\sions in, 324 
pustmortein changes in, 565 
sarcoma of, 563 
syphilis, 559 
tuberculosis of, 560 
tumors of, 561 
Lobar pneumonia, 423 
Lobular hyperplasia of hrt'ast, 730, 748 
l^ocornotor ataxia, 910 
Loffler’s pneumonia, 436 
Lohlein lesion, 362 
Lorain syndrome, 788 
Looping ill, 908 
Ludwig’s angina, 486 
Lung, 423 

abscess of, 1 1 1 
actinomycosis of, 185, 466 
aspergillosis, 456 
blastomycosis of, 456 
brown induration of, 60, 467 
c-arcinoma of, 463 
collapse of, 459 
acute massive, 460 
rongenital cystic, 4 f5 
congestion of, niMite, 456 
hypostatic, 457 
passive, 457 
edema of, 457 

acute pulomary, 458 
fat embolism of, 459 
gangnaie of, 441, 442 
hemangioma of, 471 
infarct of, 78, 458 
mycotic infections of (3), 456 
sarcoma of, 471 
streptotliricosis of, 456 
I superior sulcus tumor of, 471 
suppurative conditions ot, 440 
syphilis of, 455 
tiibercninsis of, 4*15 
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Lung, tumors of, 463 

secondary, 471 
Lupus of larynx, 420 

erythematosus, disseminated, 399 
Lutein cysts, 741 
Lycopodium granuloma, 598 
peritonitis, 598 

Lymph flow in inflammation, 112 
nodes, 802 

(‘lassiflcation of enlargements 
of, 802 

Hodgkin’s disease, 807 
in acute leukemia, 854, 856 
in glandular fever, 816 
in infectious mononucleosis, tSHi 
in lymphatic leukemia, 854 
in myelogenous leukemia, 854 
inflammation of, 802 
lesions of syphilis in, 179 

of typhoid fever in, 159 
leukemia of, 815 
lymphadenitis of, acute, 802 
chronic, 803 

lymphoblastoma of, 807 
lymphoma of, benign, 815 
giant-follicle, 815 
malignant, 807 
lymphosarcoma of, 812 
syphilis of, 807 
tui)erculosis of, 804 
hyperplasti(!, 805 
tumors of, secondary, 817 
typhoid fever in, 803 
Lymphadenitis, acute, 802 
chronic, 803 
mesenteric, 804 
I.ymphadenoid goiter, 779 
Lvmphadeno‘'is, aleukemic, 849 
Lvmphangioma, 291 
of lip, 482 
of neck, 488 
f)f tongue, 486 
Lymphatic embolism, 83 
of carcinoma, 303 
leukemia, 851 , 854 
mesenteric cysts, 600 
permeation in carcinoma, 302 
Lymphoblastoma, 293, 807 
of neck, 488 

Lymphocyte in inflammation, 107 
Lymphocytic meningitis, benign, 896 
lA'inpho-epithelioma, 307, 487 
TiVmphogrannloma venereum, 182 
Lymphoma, benign, 815 
giant follicle, 815 
malignant, 807 

fA'mphofwircornii, 293, 801, 812 , 818 
of intestine, 535 
of pharynx, 487 


M 


Macrophages, 108 , 109 
Malakoplakia, 663 
Malaria, 217 , 795 
Makirial pigmentation, 43 
Maldevelopments, 246 
Malformations, 246 
Malignancy, blood changes in, 255 
(iharacteristics of, 250 
fever in, 255 
Malignant pustule, 1 90 

icterus neonatorum, 845 
Malnutrition atrophy, 244 
Malta fever, 196 
Marble bones, 984 
March hemoglobinuria, 843 
Marie’s disease, 985 
Marie-Stnimpell spondylitis, 997 , 1003 
Mast cell in inflammntion, 107 
Mastitis, chronic, 730 
plasma c(*ll, 749 
Mazoplasia, 734 
' of breast, 729 

! Measles, 206 

, Meckel’s diverticulum, 537, 601 
I Meconium ileus, 511 
Medial necrosis of aorta, 407 
I sclerosis of arteries, 406 

I Medulloblastoma, 932 
Megacolon, 913 
‘ Megakaryocytoma, 808 
I Meigs’ syndrome, 724 
! Melanin, 38 

relation of, to m(‘lMnotic tumors, 39 
Mclanoblasts, 39 
Melanoma, 293 
malignant, 296 
Melanosis, 38 
coli, 40 , 5 13 

Melon-seed bo(li(*s in tuberculosis of 
joints, 999 

Membranous enteritis, 51 I 
gastritis, 496 
inflammation, 122 
Mcmingeal henu)rihage, 872 
extradural, 872 
of I lew -born, 874 
subarachnoid, 874 
spontaneous, 874 
subdural, 873 

spontaneous, 873 
traumatic, form of, 873 
Meningioma, 935, 943 
Meningism, 892 
Meningitis, SS9 

henign lyrnphotjytic, 896 
influenza ImcilliLS, 892 
nieningo(‘f)c,cal, 889 
pneumococcal, 892 
staphylococcal, 892 
streptococcal, 892 
aympathicti, 892 
tom la, 896 
tuberculous, 893 


MacC' xLLT’M patch, 356, 360 Meningocele, 945 

Macrofheilia, 292 Meningococcal rneniitgitis, 889 


Macroglossia, 291, 486 


Meningoencephalitis, syphilitic, 910 
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Meningomyelocele, 94G 
Menstruation, 681 

endometrial changes in, 683 
Mercuric chloride poisoning, 633 
Mercury poisoning, 340 
Mesenteric cysts, 600 
embolism, 542 
lymphadenitis, 804 
thrombosis, 542 
Metaplasia, 242 

Metastases in imilignimt tumor, 251 
Metastatic orchitis, 669 
tumors of bone, 976 
Methyl alcohol poisoning, 342 
Michaelis-Gutmann bodies, (i64 
Microcephaly, 945 
Micrococcus melitensis, 196 
Microglia, 868 
Microgyria, 919, 945 
Mikulicz cells, 188 
disease, 491 
syndrome, 492 
Miliary tuben-le, 164 

tuberculosis, general, 171 
Milk spots, 358 
Milroy’s disease, 87, 89 
MiukoxN ski-GhaulTaul type of hemolytu 
aiK'Tnia, 840 
Mitosis, 250 

Mitral incompetence, 367 
stenos’s, 305 
Mole, 293 
tubal, 711 

Mollus(‘uin bodies, 205 
contagiosum, 205 
6brt>sum, 943 

Monckeberg’s sclerosis, 406 
Mono(;yles, 81 7 

Monoevlic loukcniia, blood picture in 
852 ‘ 

Mononucleosis, infectious, 81 1> 
splenic rupture in, Slti 
Monsters, 247 

Motor neurone degeneration, chronic 
919 

Mottled emimel, 1019 
Mouth, carcinoma of, 483 
dermoid cyst of, 4S6 
syjihilis of, 483 
Movable kidney, 654 
Mucocele of api^endix, 530 
of gall-bladder, 5S2 
Mucoid carcinoma, 308 
of stomach, 508 
primary, 309 
secondary, 309 
degeneration, 3t> 

connective tissue mucin, 36 
epithelial mnein, 36 
Mucosal respiratory syndrome, 435 
Mucous papilloma, 300 
Multiple myeloma, 631 
Mumps, 206 , 480 

orchitis in, 489, 668 
Muscle cells, regeneration of, 1005 
Muscles, atrophic changes in, 1005 


Musfdes, degenerative conditions in, 1005 
J3upuylren’s contraction of, 1007 
fibrositis of, 1008 
in Graves’ disease, 772 
inflammatory clyinges in, 1006 
lesions of typhoid fever in, 160 
myasthenia gravis, 1008 
repair of, 132 
tumors of, 1008 

Volkmann’s contracture of, 1008 
Muscular dystroi)hy, 925 
Myasthenia gravis, 1008 

thymus gland in, 819 
Mycosis, 184 

Mycotic aneurisms, in subacute bac- 
terial endocarditis, 362 
of cerebral vessels, 880 
infections oi lung, 456 
1 Myelitis, 908 
j disseminated, 909 

infective, 908 
j syphilitic, 908 , 910 

transverse*, 909 
traumatic, 908 
Myelogenous leukemia, 850 
Myeloma of boue, (‘iidothelial, 973 
multiple*, 974 

; kidney in, 631 

I of be>u(*-niarr()\v, 825 

I Myelophthisic anemia, 838 
Myelosis, aleukemic, 849 
Myiasis, 238 

‘ Myoblaste)ma, 289, 1008 
Myocardial elogoneration, 379 

failure duo to vitamin deficiency, 38 1 

fibrosis, 371 

pain, cause of, 378 

se*ais, 371 

Myoe*arditis, acute bacterial, 370 
syidiilitic, 372 
chremie*, 371 
rheumatic, 356, 370 
subacute of unknow n etiology , 370 
sulphe)naniide, 371 
suppurative, 370 
tube;rcidous, 370 
Myemia, malignant, 288 
e)f intestine, 535 
of steunach, 510 
Myositis ossificans, 1006 
Myxedema, 774 
Myxemia, 280 
M yxosii rcoma , 287 


N 

N ATurrniAN follicles, 690 
Xa'vus, 293 

of nerve*, 945 
Xagana, 221 
N ar colepsy , 786 

Xcek, carcinoma of, secondary, 489 
cysts of (3), 487 
lymphangioma of, 488 
lymphoblastoma ol, 488 
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Xeck, primjity tumors of (-1), 488 
Necrosis, 48 

arteriolar, 4()rf 

bilateral of renal cortex, (549 

coagulation, 50 

fat, 51 

liquefaction, 50 
of liver, 54(5 
pancreatic, 585 
Negri bodies, 203 , 907 
Nematodes, 228 

Nephritis, acute interstitial, <536 
chronic ititerstitial, 620 
crush, <531 
focal, (535 

suppurative, (535 
in scarlet fever, 151 
sulphonamide, <531 
syphilitic, <)3<i 
Nephrosclerosis, <520 
arteriolar, <520 
benign, <522 
malignant, 624 
Nephrosis, 618 
lipoid, <518 
toxic, 618 

Nephrotoxic >erum, (505 
Nerve colls, Nissl’s degeneration of, ^ 
fibers in leprosy, 173 
Nerves, acoustic nerve tumor of, 937 
amputation neuroma of, 940 
fibroma of, 279 

multifile neurofibromata ol, 943 
nff'vus of, 9 to 
neuritis of, 911 

ncMirog(;nic sarcoma of, 943, 944 
p(Miiieurial fibroma of, 913 
p(*rif)lieral, repair ot, 134 
repair in, 940 
tumors of, 943 

Wallerian degeneration of, ‘910 
Nervous and la'uro-muscular s\>t(*n s 
heredity, 317 
system, S<i2 

atrophy of, S65 
defer-ts of dova*h)pment of, 91.*: 
interstitial tissue of, 8<i5 
pigmentary change in, 865 
Neufeld’s “Quellung,” 155 
Neurinoma, ‘913 
Neuritis, 911 

familial hyperf rojihic, 944 
interstitial, 941 
toxic, 941 

Neurobla,‘'toma, 298 

of adrenal medulla, 758, 759 
Neurofibroma, 279, 913 

multifile, nmllusiMiin fibrosum, 913 
plexiform neuroma, 944 
Neiirofibrornato.'-is, 9 13 
Neumgenic fibnana, 911 
sarcoma, 285, 944 
Neunana, arnfaitatiiai, 910 

of apfiendix, argenta(rui-c(4l, 531 
filexiform, 944 
Neuropathic edema, 89 


Ncurosarcoma, 285 
Neurosyphilis, 909 

Newborn, meningeal hemorrhage of, 874 
Nicotinic acid, 321 

Niemann-Pic'k’s disease, 795, 800, 801, 
818 

Night-blindness, 321 
xNipple, bleeding fnan, 748 
Nissl's degeneration, 864 
Nitric acid, poiseming by, 339 
Nose, glandem of, 419 

in congenital syphilis, 182 
leprosy of, 419 
rhinoscleroma of, 419 
syphilis of, 419 
tuberculosis of, 419 
tumors of , 1 1 9 

Nu(4eus fadposus, lierniation of, 1003 
Nutmeg liver, <51, 566 
Nutritional anemias, 826 


I O 

• Obstut'ctive atelectasis, 460 
jaundice, 5<58 
()(4ironosis, 40 
; Odontoclast oma, 9<58 
’ Odontogenic tumors, 1020 
Odont(ana, 31 I 

c(aiif)osit(‘, 312 
Oils, fmeuinonia due to, 434 
Oligodendroglioma, 933 
Onkocytoma, 191 
Oofihoritis, aende, 713 
(‘hnaiic, 713 
Orchitis, <568 

Organizers and carcinogenesis, 266, 313 
( )riental scae, 222 
(Jroya f<*ver, 198 
Orthostatic albuminuria, <550 

< Klc*r nodes, 3<i2 

( N^itic.'itiiai »>f alaloininal uall, <501 
Osteitis deformans, 980 

fibrosa cystica, 4<i, 978 

von l{ecklinghausen’s dis(‘as<' 
of bone, 978 
Osteoarthritis, 995 

< l^teochondnana, 906 
Osteocl.'istoma, 966 , 9(58 
( Isteodyst rophies, 977 

renal, 634 

Osteogenesis imperh'cta, 983 
(_)steogenii‘ sar(;oma of bone, 285 
Osteoma, 281, 965 
Osteomala<'ia, 4<5, 982 

hyf)of)arathyroidism and, 781 
Osfe<any(4itis, 958 
Osteofietrosis, 984 
OHteof)hyt(‘s, 997 
Osteoponisis, 951 
senile, 983 
Osteosarccana, 2S5 
Ovary, abscess of, 713 
arrhenoblasbana, 722 
Brenner tumor, 723 
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Ovary, carcinoma of, 718 
granulosa-ccll, 720 
secondary, 710 
cysts of, 713 

corpus lutciim, 713 
dermoid, 723 
dysgcrminoma, 722 
endometrial, 714 
follicular, 714 
lutein, 714 
retention, 714 
theca-lutein, 714 
dysgerminonia, 722 
fil)roma of, 724 
granulosa-ccll tumor, 720 
hematoma of, 714 
inflammation of, 713 
Krukenherg tumor of, 719 
pseudomucinous cystadtMioiu.*i t f, 
715 

sarcoma of, 724 
senais (^ystadenoma of, 716 
teratomas of, solid, 724 
tumors (jf, 714 
special, 719 
Oxalate calculus, 659 
Oxydase in chloroma, S56 
Oxyuris vermicularis, 232 


P 

PArHYMENiN(;iTis hieiiiorrhagica , 911 
interna, S73 
Paget’s cells, 7 1 1 

disease of hone, 9S0 
hlood How in, 9S2 


Papilloma of bladder, 663 
of breast, 73(), 738, 718 
intracyst ic, 738 
of intestine, 532 
of larynx, 421 
squamous, 299 
villous, of bladder, 662 
Paraganglioma, 760 
Paralysis agitaus, 924 

post-encephalit ic, 925 
relation of, to trauma, 925 
infantile, 898 
of capillaries, 90 
spastic cerebral, 920 
^ Parametritis, 690 
; Parasites, animal, 215 
1 external, 237 

i of liver, 563 

' Parasitic fetus, 2 17 
' Parathyroid gland, adenoma of, 782 
; carcinoma of, 7S2 

cysts of, 7S3 

I hyperparathyroidism, 7S1 

j hyi)crplasia of, 781, 782 

I hypoiiarathyroidisin, 78 1 

; pathological ph>siology ol, 781 

I tumors of, 7S2 

I turnor, 782 

Paresis, gimcral, 913 
Parkiusouism, V)03, 925 
Parkinson’s disease, 924 
Parotid, suppuration of, 489 
tumor of, mixed, 189 
Parovarian cyst, 725 
Paroxysmal hemoglobinuria, 812 
Patent ductus arteii»)sus, 384 
foramen ovale, 385 


Palate, cleft, 2 17 
Palsy, IVll’s, 941 

progressive bulbar, 919 
shaking, 921 

Pancreas, adenoma of, 592 
annular, 593 
calculi of, 591 
«‘arcimmia of, 591 
congenital anomalies of, 593 
eystie fibrosivS, 590 
ev'^ts of., 590 
lu'terottipia, 593 
in heinochromati»si‘^, 593 
Iqiomatosis of, 593 
syphilis of, 593 
tiiliorculo^is of, 593 
tumors of, secondary, 5 ‘m 
P ancreatic cysts, 590 

duct, olist ruction of, 592 
obstruction, 592 

Pancreatitis, acute hemorrhagic, 5S,> 
chronic, 587 
Paimus, 994 

Pji pillary (’arcinoina of bladder, 66- 
cystoma of breast, 738 
Papilloma, 299 

benign, experimental proiiuction 
can'inoma in, 269 
mucous, 300 


' interventricular si'pfuin, 385 

I iirachns, 602, 665 

I vitelline duct, 601 

Pathology, definition of, 13 
Pearly tumor, 934 
. Pean d ’orange, 71ti 
j Pedic-uli, 237 
! IVlhqna, 324 
j liv^er lesions in, 3!M 

I Pelvic ccIIuJitis, 690 
Penis, (*arcinonia of, 678 
Peptic ulcer, 197. Gastric ulcer. 

Periapical abscess, 1015 
Periarteritis, acute, 390 
nodosa, 397 

healed, 398 

Pericanalicular lihi oadenoma of breast, 
737 

Pericarditis, 386 

(lu'onic foiist ricli VC, 387 
rheumatic, 357 
tuberculous, 387 
Pericementum, 1012 
Peridental membrane, 1012 
I Vri nephritic ahsce.ss, 610 
Perineurial fibroma, 913 
’eriodontitis, ebrouie apical, 1015 
Periosteal fibrosarcoma, 976 
fHT'plioml ucrvc'S, repair of, 134 


66 
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Perisplenitis, 802 

Peritonei pseudomyxoma, 530 , 000, 
Peritoneum, careinornatosis of, 599 
Peritonitis, acute, 595 
bac'illis, coli, 59(i 
gonococcal, 597 
localized, 597 
imeiimococcal, 597 
rheumatic, 155 
streptococcal, 596 
tuberculous, 598 
dry, 599 
moist, 598 

Pernicious anemia, SOI , 826 . See 
inia, pernicious. 

Pctecliiic, 63 

ill iiidaiumation, 97 
111 purpura liiemorrhagica, 846 
Pfeiffer’s bacillus, 207 
Phagocytosis, 99, 104 
l^liaiierosis, 20 
Phaiynx, epidermoid carcinoma of, 186 
lymphosarcoma of, 487 
rheumatic fever in, 151 
transitional-cell carcinoma <»f, 4S7 
tumors of, 486 

Pheochromocytoma of adrenal medulla, 
7(i0 


Placenta, pathology of, 704 
retained, 706 
syphilis of, 707 
tuberculosis of, 707 
Plague, 192 

bubonic form, 192 
pneumonic form, 193 
Plantar wart, 300 
Plasma cell mastitis, 749 

in inflammation, 107 
leukemia, 850 
Plasmacytoma, 974 
solitary, 976 

I Plasmodium rnalarisR, 217 
! Platelets in hemophilia, 849 
in pernicious anemia, 829 
' in thrombosis, 69 
Pleura, carcinoma of, primary, 177 
secondary, 477 
endothelioma of, 477 
lesions of rheumatic fever in, 155 
tumors of, 477 
l^leurisy, 472 

hemorrhagic, 47<» 
in rheumatic piuaiinonia, 155 
purulent, 472 
serofibrinous, 473 
. Plexiform neuroma, 944 


Phimosis, 679 
Phlebitis, 415 
Phlebolith, 48, 73 
Phlebosclerosis, 416 
Ptilegnionous gastritis, 496 
Phosphatase in jirostatic carcinoma, 677 
Phosphatic calculus, 659 
Phosphorus poisoning, 340 
Pick’s convolutional atrophy, 920 
disease, 387, 601 
Pigmentation, biliary, 44 
ex<jgen(jus, 1 1 
liematfjgenoiis, 41 
malarial, 43 
iiH'lanosis, 38 
pathological, 37 
Pigmentcfl tumors, 293 
Pilonidal .-inus, 9 Mi 


Plumbism, 45 

Plummer-Vinson syndrome, 493, 836 
Pneumococcal infections, 155 
meningitis, 982 
peritonitis, 597 

Piieuniocci, destruction of, 424 
types of, 155 
Pneumoconioses, 437 
Pneumonia, broiu'ho-, 430 
chemic‘Ml, 434 
chronic interstitial, 437 
giant-c(*ll, I3<i 
in the new lann, 434 
influenzal, 431 
lipoid, 434 
lobar, 423 
Lofller’s, 43ti 
posti>pc*rative, 433 


Pinealoma, 931 

laibertas piiecox, !)34 
Pitiiitai’y gland, 784 

acleioma of, 7^9 
acidophil, 790 
bascjpliil, 790 
iromophobr*, 789 
malignant , 791 
anterior lobe of, 781 
crani»i|jhap"ngiomas of, 791 
hyperpituitarism, 78fi 
hypopituitarism, 787 
influence of, on meiLstniation, 
6IK2 

narcolepsy, 786 
pars intermeclia, 785 
jiosterifir lobe of, 785 
tuiiHirs of, 78'.) 

Pituitary-thyroid axis, 763 
Placenta, infarcts <jf, *707 


primary atypical, 435 
rheiimatK*, 155 
staphylococcal, 13 1 
terminal, 433 
tuberculous ^•ase^)us, 452 
virus, 435 

! Pneumonic plague, 1 93 
Pneumonitis from ratliation, 436 
Pneumothorax, 176 
' aitiflcial, 477 

’ Poi.soning, alcohol, 342 
arsenical, 340 
i by alkaloids, 342 

! (‘arbolie acid, 340 

! (carbon monoxide, 342 

I chloroform 342 

corrosive sulilimate, 340, 633 
hydrocyanic acid, 341 
Ic^ad, 45. 341 
nitric acid, 339 
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Poisoning, phosphorus, 340 
prussic acid, 341 
sulphuric acid, 339 
Poisons, 339 

“Poker back,’/ 998, 1003 
Polioencephalitis, acute superior hemor- 
rhagic, 907 
Poliomyelitis, 204 

jicute anterior, 898 
inclusion bodies in, 204, 902 
Polycystic kidney, 043 
Polycythemia rubra, 857 
secoiahiry, 857 
vei-a, 801, 867 
Polymastia, 750 

Polymorphonuclear leucocytes in inflam- 
mation, 105 
in tubenailosis, l<i3 
I\)lyneuritis, 911 
Polyposis of intestine, 533 
Polyserositis, 387, 001 
Polythelia, 750 , 

Porencephaly, 945 
Portal cirrhosis of liver, 552 
obstruction, 55t) 

thrombosis, 5(i0 I 

Postcricoid carcinonia of hvijopharvnx, • 
480 

Postenccjphalitic paralysis agitans, 903, 

925 

Postmortem changes, 54 

digestion ot stoach, 510 
Postoperative pneumonia, 433 
Post-traumatic epilepsy, S<S3 
Ptiit’s disease, 900 
puffy tumor, SS7 
Pnjcancerous lesions, 260, 2(17 
Pregnancy, anemia in, 834 

renal lesion in toxemias of, 019 
Hli factor in, S44 
tubal, 710 

Pi icc-.Jones curve, 827 
Primary atypical ])neuinonia, 435 
spleni(‘ neutropenia, 859 
Pi‘og<*ria in Simn.onds syndrome, 788 
Piogressivi- bulbar palsy, 919^ 
lenticular dcgciu'iation, 925 
lipoilyslnijiliy, 20 
muscular atniphy, 919 
myositis librosa, 1007 
ossificans, 1007 
Prolan, 082 

in testicular tumors. t)72 
Prostate, calculus in, 078 
carcinoma of, t)75 
hypertrophy of, ti73 
sarcoma of, 078 
Prostatitis, 073 
Protozoa, 215 
Prussic acid poisoning, 341 
Psammoma, 937 

Pseudohermaphroditism, 752 
I’seiidoleukemia infantum anemia, 842 
Psendomuciin>us cystadenonia ot ovary, 

715 

Pseudomyxoma peritonei, 630, 600, 716 


Psittacosis, 208 
Pueri)eral endometritis, 688 
Piilex irritans, 238 
Pulmonary asbestosis, 440 

capillaries fat embolism in, 82 
embolism, 78, 458 
fibrosis of uncertain nature, 440 
osteo-arthroi)athy, hypertrophic, 985 
stenosis, 309 

congenital, 383 
Pulp, dental, 1011 
Punch drunk, 809 
Purpura, 845 

luemorrliagica, 846 
Henocirs, 848 
Hchonloin^s, 848 
secondary, 847 
simple idio]>atlnc, 817 
simplex, 848 
thrombocytopenic, 840 
Purulent inflammation, 1 22 
pleurisy, 472 
Pus, 117 
J’yelitis, 637 
cystica, 057 
Pyelonephritis, 037 
tuberculous, 641 
Pyelovenoiih backflow, 656 
Pyemia, 140 
Pyenii<* kidiK'y, 636 
Pvknosis, 49 
Pylephlebitis, 558 
Pykjric stenosis, congenital, 511 
Pyogenic membrane, 118 
Pyonephrosis, 038 
tuberculous, 041 
Pyorrhea alveol.'iris, 10l(> 

Pyosalpinx, 709 

tuberculous, 709 

Pyridoxinc deficicin*y anemia, 837 


()rK(’KENsTKirr sign, 939 
Quinsy, 482 

R 

K ARIES, 202, 907 
Ihuliation pneumonitis, 430 
Ihidiuin, action of, on tumoi's, 274 
effects of, 335 
industrial hazards oi, 330 
Hadioseiisitivity of tissii<*s, 33t) 
of tumors, 270 
Randall plaque, (itiO 
Kamila, 492 

Rathke's pouch, tumors of, 792 
Raynaud’s disease, 415 
Recessive inheritance, shnple, 345 
Rectum, carcinoma of, 531 
syphilis of, 524 
Regional ileitis, 523 
Relapsing fever, 1 1)8 
iienal anoxia, 031 
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artery, aberrant, 654 
ealculus, ()60 

I'ortex, bilateral neciosis of, 649 
edema, 88 
infantilism, 634 
osteod^'stropby, 634 
pelvis, I'aistrongyliis gigas infection 
in, 65S 

leukoplakia of, 658 
tumors of, 662 
phthisis, 641 
rickets, 634, 998 
syndrome, 631 
Repair, 125 

Kesistain*e, present conception of, 142 
Retention cysts of ovary, 713, 714 
Reticuhx'vtes in pernicious anemia, 828 
Reticnlo-endothelial svstem, 793, 801, 

817 

rea<*tion of, in disca■^c, 818 
Reticulosis, histiocytic medullary, 811 
Reticulum-cell sarcoma, 813 
<jf bone, 976 

Retina in subacute bacterial endocar- 
ditis, 362 
infarct of, 81 
Retinoblastoma, 298, 935 
Retroperitoneal lipoma, 600 
sarc(jma, 600 

Retropliaryngeal abscess, 486 
Rh factor in blood translusion, 814 

in congenital heinolvtic <lisease, 
843 

in pregnancy, 844 
Rhabdomyoma, 289, 1008 
Rhacliios<4n>is, 24ti 
Rheumatic* aortitis, 394 
arteritis, 391 
di'^ease of heart, 354 
endocarditis, 351 
fever, 1 52 

relation ol, to rheumatoid ar- 
thritis, 993 

reticnlo-endothelial svstem in, 

818 

streptococcus as cau'^al agent, 
152 

myocarditis, 356, 370 
peri<*arditis, 357 
peritonitis, 155 
pneumonia, 155 

Rheumatoid arthritis, 992. Src Arthri- 
tis, rheumatciid. 

Rhinosclmtiina, 188, 419 
Rliiiiosjioridiosis, 188 
Riboflavin, 323 
Rice bodies, 999 
Rickets, 46, 985, 988 
co'liac, 988 
renal, 634, 988 
vitamin 14 and, 322 
Rickettsia disea.sc*, 209 
Riedel’s lobe, 556 

struma, 776, 778, 779 
Rieder’s cajlls, 853 
Rocky Mountain spotted fever, 211 


Rodent ulcer, 305 
Roeiitgeiwrays, etTccts of, 335 
Roger’s tlisease, 385 
Rombergism, 913 
Root abscess, 1015 
Round worms, 228 
Rous’ chicken sarcoma, 268 
Rupture of esophagus, 494 
tubal, 712 


S 

“SAimE-i,i.ADE” tibia, 962 
Saccailiir aneurism, 41 1 
Sacral teratoma, 248, 312 
Saoro-coccyi^cal tumors, of dev<4op- 
mental origin, 946 

Saddle-shapc'd ulcer ol stomach, 500 
Sago spleen, 31 
Salivary calculus, 492 
cyst, 192 

glands, adeiiolyinphoma of, 491 
carcinoma of, 491 
tumor of, mixed, 489 
Salpingitis, gonorrheal, 70S 
isthmica nodosa, 709 
tuberculous, 709 

Sampson’s theory of endometrial im- 
plants, 691 
Sarcoidosis, 492, 807 
Sarcoma, 281 

endometrial, 702 
giant-cell, 287 
Hodgkin’s, 810 
neurog(‘iiic, 285, 044 
of adnmal medulla, 750 
of bladder, 663 
of bone, ostc‘ogeuic, 969 
of breast, 718 
of esophagus, 494 
ol intestine, 535 
ol larynx, 421 
of liver, 563 
of lung, 471 
of ovary, 724 
of prostate, 678 
of stomach, 510 
of thyroid gland, 778 
of uterus, 702 
osteogenic, 285 
reticulum-rell, 813 
retn>ja;rit oneal, (iOO 
Rous’ chicken, 268 
.synovial, 1002 

Scar ti.ssue, lorrnation of, 128 
Scarlet fever, 150 
Schilder’s disease, 918 
Schiller test for carciruuna of cervix, 698 
Schinirnelbusch’s diseases 733, 734 
Sclnudeiu’s purpura, 848 
SchiifTiujr’s dots, 218 
Schuller-C’hristiaii’s disease, 800 
Schwannoma, 938, 943 
Scirrhous carcinoma, 309 
of breast, 740 
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Sclerosiiifr hemangioma, 201 
Sclerosis, amyotrojOiic lateral, 019 

disseminated, 010 * 

multiple, 010 

of arteries, diffuse arteriolar, 407 
medial, 406 
tuberous, 945 

Scrotum, carcinoma of, 078 
Scurvy, 120, 325 

infantile, 326 , 080 
Scurvy-rickets, 326 , 088 
Seminal vesicle, tuberculosis of, 669 
Seminoma, 670 
Senile ^aiif'ceiie, 53 
ost(!oporosis, 083 
Septic sj)leen, 704 
Sej)ticeJni:i, 140 

hemorrhagic, 103 
nuuiingococcal, 802 
Serotibrinous i)Ieurisy, 473 
Serous cystadeiwana of ovary, 710 
inflammation, 121 
membrane, inflammation of 1 15 
organization (jf exudate on, 132 
rei)air of, 133 

Sex, hormones and prostatic carcinoma, 
677 

and testicular tumors, 072 
influence of, in disease, 350 
linked inheritance, 346 
SI I ingles, 908 
Shock, 89 

Shope pafiilloma, 208 
Shwartzmann phenomenon, 144 
Siamese twins, 217 
Sickle-cell anemia, 841 
Siclerosis, 820 

of globus pallidiis, 43 
Siderotic nodules, 706 
Silic<»sis, 44 45, 437 
Simmonds syndrome, 788 
Sinus, brain'hial, 247 
catarrh, 803 
formation, IIS 
pilonidal, 046 
thrombophlebitis, SS7 
Skin, tibroma ul, 278 
Skull, fracture of, 882 
Sl(*c*jnng sickiu'ss, 221 
Small cell infiltration, 123 
Smallpox, 201 

Spastic cerebral paralysis, 020 
Spermath* cord, liydn »'i.le ol, 678 
Spermato<‘ele, 670 
Spina bitida, 016 

Spinal I'ord, defects of development of, 
046 

degeneration of, subacute com- 
bined, 020 

hematomyelia of, 886 
injuries of, 886 

lesions in pernicious anemia, 
832 

tumors of, 930 
Spine, osteoarthritis of, 007 
osteomyelitis of, 058 


Spine, syphilis of, 964 
Spiradenoma, 307 
Spirochieta pallida, 1 73 
Spirochsetosis, icterohaemorrhagica, 19&. 
57 1 

Spiroptera, neoplastica, in etiology of 
carcinoma, 264 
Spleen, 703 

accessory, 802 

acute splenitis, 794 

amyloid degeneration of, 31, 795 

atrophy of, 802 

Jlanti’s dis(;use of, 705 

cardiac, 700 

congestion of, chronic, 708 
cysts of, 801 
enlargements of. 801 
Gaucher’s disease, 705, 799 , 801 
hemolytic jaundice, 705, 800 
Hodgkin’s disease, 801, 807 
hypcrcholcstc;roleniic sidenomegalv , 
705, 800 , 801 
infarction of, 77, 705, 798 
infections of, 794 
kahi-azar of, 795 
lipoid storage in, 800, 801 
lymphosarcoma of, 801 
Aiemann-Pick’s disease, 795 , 800 , 
801 

peris pkuiit is of, 802 
sago, 31 
septic, 704 
syphilis of, 705 
tuberculosis of, 704 
tumors of, 801 
typhoid, 704 
Splenic anemia, 796 , 801 

neutropenia, primary, 850 
rupture in infectious mononucleosis, 
810 

Splenomegaly, chronic, 705 

hyperchulesteiolemicr, 705, 800 , J'OI 
SpondVlitis anchylosiiig, 007 
deformans, 997, 1003 
Marie Stmi.ipell, 007 
Spongioblastoma. Ste Glioblastoma. 
Spontaneous con'bral hcanorrhage, 860 
rupture of esophagus, 404 
subarchiioid meningeal hemor- 
rhage, 874 

subdural meningejd hemorrhage, 873 
Sporot richosis, 1 87 
Sprue, 833 

non-tropical, 541 
tn)pical, 541 

Squamous papilloma, 200 
Squainous-cell carcinoma, 304 
Sta))hylococcal infections, 147 
meningitis, 802 
pneumonia, 434 
toxoid, 148 
i Stasis, 73 , 333 
I gall-bladder, 577 
kidney, 640 

Status thymicoHlymphaticus, 819 
Steatorrhea, idiopathic, 641 



104G 


INDEX 


Sternberg (*ells, 810 

Sternomastoid tumors of infancy, 1007 
Still’s disease, 002 

Stoniac'h, adenoma of, multiple, 510 
adcnomyoma of, 510 
carcinoma of, 504 
colloid, 50S 
mucoid, 508 
dilatation of, acMite, 511 
Hodgkin's disease of, 510 
hour-glass, 500 
leatlier-botl le, 507 
lymphosarcoma of, 510 
myoma of, 510 
postmortem tligestion t»f, 510 
sarcoma of, 510 
syphilis of, 510 
tuljcrcidosis of, 510 
ult^er of, saddle-shaped, 500 
Stomatitis, 482 
Stone in bladder, OGl 
ill kidnc?y, 0(»0 
in ureter, 001 
Strauss reaction, ISO 
Strawbeny gall-bla<lder, 576 
St repto<*occal levers, 140 
infections, 148 
chronic, 151 
meningitis, 802 
peritonitis, 590 

Streptococci, <-las!^ifirat i<jii of, 1 18 
Streptococcus, anaertjbic, 1 10 

luMUolvtic, in pueipcaal sepsis, 
088* 

Streptothrieosis of lung, 450 
Stricture, H miner, <)5-l 
of esophagus, 4013 
of rectum, 183 
of ur(4cr, fi54 
of urethra, Oti 1 

Subaeutt* bacterial endocarditis, 358. ,Scc 
I aidoearditi^, suba<-ute bacterial, 
combined degeneration of spinal 
c<ird, 020 

Subaracbnoitl mening(cal launmorrhage, 
874 

Subcntaneou.s nodules in rlieuinat<>i<l 
arthriti.", 005 

Subdural meiungejil hemoriiiagc*, 873 
Subptuitoneal filjniinyoma of utcuus, 00 4 
Siibplircmic absce>-.s, 508 
Subungual excjht<r''is, 281 
Siiddfm tleatb, 821 
Sulplajiiamide allergy, 1 45 
nietiingilis, 802 
iiiyocarti'l is, 371 
nephritis, 031 

Sulphur granule'.'^ in actiiu»mycosis, 184 
Sulphuric acid, fioisoning by, 330 
Sunburn, 33 4 

Snpc'fior pnlinonary .snh-ns tumor, 471 
Suppuration, I 10 
Supimrative appimdicit i>, 520 
arthritis, *00 1 
my»)ca relit is, 370 
iiicphiitis, ti3(i 


; Suppurative phlebitis, 416 
i tenosynovitis, 1000 
I “Sway back," 918 
j Sweat gland carcinoma, 744 
glands, tumors of, 307 
Sydewham’s chorea, 925 
' Syneytioma, 704 
■ Syndactyly, 240 
‘ Synovial sarcoma, 1002 
: Syphilis, 1 73 

arteritis in, 910 
congenital, 181 
of lungs, 155 


myelitis, 908 


oi' 

artei’ies, 391 


of 

bone, 902 


of 

breast, 749 


of 

esophagus, 491 


of 

heai*t, 372 


of 

intestine, 524 


of 

joints, 1000 


of 

kidnev, 030 


of 

lip, 182 


of 

liver, 559 


of 

lung, 455 


of 

Ivmph nodes, 807 

oi 

mouth, 483 


ot 

nervous system 

, 909 

ol 

nose, 419 


oi 

panci*eas, 593 


c»f 

placenta, 707 


of 

rectum, 524 


ot 

spini‘, 904 


oi 

spleen, 795 


of 

stomach, 510 


oi 

ti'sticle, 070 


oi 

thyroid gland, 780 

of 

tongu<‘, 483 


of 

utc*rus, 091 


of 

vulva, 725 


iirimaiy lesion of, 

178 

se« 

•ondary lesions < 

of, 178 

tei 

rtiary lesions of, 

ISO 


Syphilitic aoi’titis, 391 
art»*riti>, 393, 910 
fualfM-arclit i>, 3t>5, 392 
dactylitis, 9f)3 
glossitis, 484 
laryngitis, 420 
myelitis, 908, 910 
myocarditis, 372 
nc‘phritis, 03(i 
Syringomyelia, 922 
I Sy ringomy<;locele, 940 


Tauks dorsalis, 910 
Taboparesis, 910 
' Tienia echinococcus, 226 
mediocan(41a(a, 224 
! saginata, 224 
solium, 225 
, Tapc'worms, 224 
1 Tar cancer, 202 
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Tattouing, 45 
Tay-Hachs’ disease, 945 
Teetli, diet and, 1018 

in congenital syphilis, 182 
pathology of, 1011 
Temporal arteritis, 398 
Tendons, ganglion of, 1009 
repair of, 133 
Tenosynovitis, 1009 
T-eratoina, 312 

congenital, 248 
of ovary, 724 
of testicle, 071 
sacral, 248, 312 
Terminal endocarditis, 304 
pneumonia, 433 
Testicle, 008 

cliorionepitludioma of, 072 
embryoma ol, 071 

seminoma of, 070 ; 

sypliilis of, ()70 [ 

teratoma of, 071 
tuberculosis of, 009 
tumors of, 070 

and sex homories, 072 
Aschlieim-Zondek test in, 072 
undesceiideti, 079 
'retanus, 191 

postoperative, 192 

'retanv, 47 

h\poiparathyroi(lism and, 781 
li> poiiarat hyroidism and, 781 
Tetralogy ol t allot, 383 
Theca-lutein cysts of ovary, 714 
Th(‘iler’s disease, 902 
Tliiamln, 323 
Thiouracil, 772 
4'horacopagus, 247 
Thrombo-angiit Is (iblitei’ans, 395 
Thrombocytopenic ])urpura, Slti 
Tlirombophlebitis, 71 
idiopathic, 410 
'rhrombosis, 05 

eoronary artery, 374 
hepatii* vein, 50() 
mesenteric, 542 
portal, 500 

'Thrombus, agonal, 70 
ball, 70 

organization ol, 73, 132 
Thrush-breast heart, 23, 379 
Thymico-lymphatic constitution in 
Cl raves’ disease, 771 
Thymoma, malignant, 821 
'Thymus gland, liyperplM.''ia of, 819 
tumors of, 821 
Thyroglossal cyst, 487 

Stai- A M,7(», 707 

carcinoma ol, 775 

benign metastasizing goi 

ter, 777 

congenital anomalies of, 7SCI 
goiter, 703. Sir Goiter. 
Hashimoto’s struma, 779 
Hurthle-cell tumor, 778 


Thyroid gland, hyperplasia of, 703 
in cretinism, 773 
in Graves' disease, 709 
in myxcdtmia, 774 
inflammation of, 778 
relation of iodiiui to, 762, ' 
Iticdcrs sti uma, 778 
sarcoma of, 778 
syjihilis of, 780 
tuberculosis of, 780 
tumors of, 775 

lateral aberrant, 777 
Thyroiditis, chronic, 778 
woody, 778 
Tissue cultui'e, 240 
Tongue, angioma of, 480 
carcinoma of, 484 
leukoplakia of, 484 
lymphangioma of, 480 
; syphilis of, 483 

[ tnbiu-culosi> of, 485 

ulcers of, 484, 486 
■ 'ronsillitis, 482 
Torticollis, congenital, 1007 
Torula meningitis, 890 
Tout on cells, 280 
Toxemia, 141 

ol piegnancy, renal lesions in 
'Toxoid, staphylococcal, 148 
Toxoplasmosis, 223 
, Transfusion, 031 

blood, Hh lactor in, 844 
Transitional-cell carcinoma, 308 
of pharynx, 480 

; 'rransplantaton of tumors, 273 
j 'Trauma, 337 
Traumatic aneurism, 41 1 
bursitis, 1009 
ceri'bral hemorrhage, 808 
edema oi brain, 882 
epilepsy, 885 
fat necrosis, 51 

of breast, 749 
infarction ol liver, 500 
myelitis, 908 
myositis ossif.cans, 1000 
orchitis, 008 

rupture of esophagus, 494 
suliarachnoid meningeal 
rliiige, 874 

siibtliiral iiieuingf-al licniorrhf 
1 tenosynovitis, 1009 
Trench fever, 21 1 
'T rephones, 24 1 
' Triclnna spiralis, 233 
Trichiniasis, symptoms of, 234 
'Tricliomonas vaginalis, 725 
Tricuspid stenosis, 309 
'Tristan da Gunha, 322 
Tropical abscess of liver, 558 
i- True aneurism, 411 
'Trypanosomiasis, 221 
Tsiitsugamushi fever, 210 
'Tubal abortion, 71 1 
cysts, 712 
ii;ole, 711 


go. 873 
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Tubal pregnancy, 710 
Tubercle bacillus, Kil 

Dubos’ inetluKl of cultivating^ 
102 

Tubercular leprosy, 172 
Tuberculoma on plaque, SOO 
Tuberculoprotein, allergic effect of, 107 
Tuberculosis, 101 

Addison’s disease and, 754 
allergy in, 107 
bacterial, 100 
chronic disseminated, 454 
Ghon lesion, 108 
miliary, chronic, 171 
general, 171 
of bladtler, 042, 658 
of bone, 050 
of breast, 740 
of esophagus, 404 
of Fallopian tubes, 700 
of genital tract, 000 
of intestine, 520 
of joints, 000 
of kidneys, (i40 
of larynx, 420 
of liver, 500 
of lung, 445 
of lymph nodes, 804 
of nose, 410 
of pancreas, 503 
of placenta, 707 
of seminal ve>iclc, 000 
of spleen, 704 
of stomach, 510 
of testicle, 000 
of thyroid gland, 780 
of tongue, 485 
of ureter, 058 

ot vertebra?, periplier.il form of, 000 
primarv and sc(*oii(l;ir\ intection, 
168, 440, 447 
reinfection in, 118 

apical, localization of, 448 
cjI guin(;a-pig> with, 107 
uv^eo-panjtid, 4!l2 
Tuberculous bacilleiiiia, 171 
bursitis, 1010 
caseous pneumonia, 152 
dactylitis, 000 
endocarditis, 3t>5 
granulation tissue, 100 
laryngitis, 420 
meningitis, 803 
myoranlitis, 370 
peri<*ardit is, 387 
peritonitis, 508 
pyelonephrit is, 0 1 1 
pyonephrosis, 041 
pyosalpinx, 710 
salpingitis, 700 
tenosynovitis, 1000 
Tuberfjus M'lenjsis, 045 
Tubo-ovariari abscess, 700 
Tubular degeneration of kidney, 050 
Tularemia, 104 
Tumors, 249 


Tumors, and sex hormones, 672, 077 
etiology of, 250 
grading of, 254 
radiation, effects on, 274 
radio-sensitivity of, 270 
spontaneous cure of, 259, 272 
spread of, 255 
Twins and disease, 349 
Typhoid fever, 166, 519, 803, 818 
osteomyelitis, 959 
spleen, 794 
tularemia, 195 
Typhus fever, 209 


U 

Ulcer, 1 1 9 

duodenal, 500 
gastric, 497 

jejunal, secondary, 504 
of stomach, saddle-shaped, 501) 
of tongue, 483, 486 
peptic;, 497 

secondary jejunal, 504 
Ulc'erative colitis, chronic, 518 
tuberculosis of intestine, 520 
Umbilicus, adenomyoma of, 602 
carcinoma of, primary, 602 
secondary, 602 
endometrionia of, 602 
Undescended testicle, 679 
Undulant fever, 196 
Unciiuiria duodeimho, 229 
Urachus, patent, 602, 665 
Uremia, 617 

extra-renal, 031 
Uremic enteritis, 519 
I rotor, congenital dilatation of, 664 
double?, 664 
stone in, 661 
stricture* of, 654 
tuberculosis of, 658 
rc*teral e-ale*ulus, 661 
ret<*roe*ele, 665 
rethra, calcMilus of, 664 
stric ture c)f, f)64 
retinal carunc*le, 726 
Tethritis, gtmorrbeal, 664 
>ic acid, calculus, 659 
pint and, 37 
infarct of kidney, 652 
Urinary calc-ulus, 658 
obstruc*tion, 6.54 

tract, lowcT, congenital anomalic-s of 
664 

Urobilinogen in jaiindic-e, 5tj8 
rtcjririe hemorrhage, func4ional, 685 
Utern-plfic-ental apoplexy, 70ti 
l.’tenis, absence cjf, 72*) 
adenomyosis c>f, t»96 
atresia of, 726 
c‘arc;inoma of body, 701 
of c-ervix, 697 
chorioncpithelioma of, 702 
fibroids of, 693 
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Uterus, fibromyoma of, 693 

interstitial endoinetrioma of, 697 
sarcoma of, 702 

grape-like, of cervix, 702 
syncytioma of, 704 
syphilis of, 691 
tumors of, 693 

U veo-parotid tuberculosis, 492 


V 


Vitelline duct, patent, 601 
Volkmann’s contracture, lOOS 
Volvulus, 538 

Von Gierke’s disease, 27, 662 
Von Jaksch’s anemia, 842 
Von Recklinghausen’s disease, 943. Sec 
KeurofibroiiiM, multiple, 
of bone, 977 

Vulva, carcinoma of, 726 
leukoplakia of, 726 
syphilis of, 725 


Vagina, carcinoma of, 726 I 

Van den Bergli test in pernicious anemia ! 
829 


W 


Vaquez-Osler’s disease, 857 
Varicocele, 679 
Varicose veins, 416 
Veins, varicose, 416 
Venous congestion, 50 

obstruction in brain, S79 
Vertebra, giant-cell tumor of, 968 
syphilis of, 964 
tuberculosis of, 960 
Vertebral system of veins, 258 
Vesical calculus, 661 
Vibrion septique infection, 190 
Villous paiiillon a of bladder, 662 
Vincent’s angina, 482 
Virilism, 752 
Virus diseases, 198 

of the nervous system, S97 
pneumonia, 435 
Vitamin A, 320 

defi<'ioncy and urinary calculus, 
6(i0 


epithelial changes, 321 
in dental caries, 1014, 1019 
night-blindness, 321 
protection against infection, 321 
spinal (H)rd lesions, 321 
H, 323 

relation of, to beri-beri, 324 
Ih, 323 

B, , 323 

C, 325 

and healing of wounds, 126 
in dental caries, 1019 
relation of, to scurvy, 126, 325 

D, 322 

in dental caries, 1014, 1019 
in epithelioid cell, 163 
relation of, to ' alcium metabol- 
ism, 322 

to dental caries, 322 
to rickets, 322 
K.327 . 

relation of, to sterility, 327 
to necrosis of muscle, 925 


G, 323 
K, 66, 327 

relation of, to hemorrhage, 65 
Vitamins, 319 


! Wallehian degeneration, 24, 862 
I in brain, 87S 

, Wart, 299 
i plantar, 300 

! Waterhouse-Friderichsen syndrome, 761 
Weirs disease, 19S, 571 
Weil-Felix reacjtion in typhus fever, 210 
Werlhof s disease, 846 
I Wernicke’s disease, 907 
! Wet brain, 883 

“W^iitc swelling” in sypJiilis of joints, 
1000 

in tuberculous arthritis, 1000, 
1009 

W^hooping cough, 193 
Widal test, 161 
W'ilm,s’ tumor, 647 
W iLson’s disease , 925 
Woody thyroiditis, 778 
Worms, 223 
Wounds ot brain, 884 
repair of, 126 
vitamin (’ in, 126 


X 


I Xanthelasma, 280 
Xanthoma, 26, 279 
Xaiithydrol reaction, 617 
Xeroderma pigmentosum, 334 
Xerophthalmia, 321 


y 


Yelloi^ fever, 203 


Z 


Sahn, lines of, 67 
Zenker’s degeneration, 36 
of muscle, 1005 
iuckergussleber, 387 
Suckerkandl, organ of, 753, 761 



